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djL^jul C jIjL jUljJl < ^JLuJLuj 

4JJ1 JULC. JlUuJl SjJLl4 



0 I 3 <U)J2j 0*5 L>t_o ^3 LajLaXjI <S j^T A-L^J-^Jl o*L^J cl) I c^wJaj 

^ojJJ Lww«jL^*i| 15 jj>c^a <L 3 A ^3 C 1 ^j>c_^ws^I J-V 2 -P ^_3 ^_*Jl ^_£jULU Aj^J J 1 

di-LJl AJ-j J w« L) J^-*olL) 4_L^s_L^vJl 0 j_A j_*Xo ^“Lj t ^ 3 L-yfl-13 *5 1 

3J_P A^Jj jll?J ^3 ^JLj L A-oJ>- *Lo *U>JgJwoJ ' J A-J-iJl j jl*JJ Op 

! L^oj t p jJ-pJlj <Lo a*_UL ^ill oL-*/? oL-L-Jl ^j>s 



— &1428 ^3 jJL*o>J| j*. Jl a-^oJI j_o 2 >jp>J oL^Jl 

c-^>c-Jl 4 _*J L) j 5 L> L)ij t A-o ^*Jl aJJJL ^LoJl &*51 ojj x£ ^2007 

^3 4»o ^xJl A_*_Ul j yJoj>- ^_Jjj>-j) ! ^i_) Lo ^J*P ^g-J <L~S*- 0 *)LoLx-qJ|j ^o-L*Jl 

.(L & j Cj jX>y\j tj»*>Lp^/lj t jLvfiJ'yi ci-U^ L*j c 



^lll Aj 3 jx^Jl <Lo jxJl a5s-LowoJ| ^3 ^ 4_jJiLl \j ^ j_LxD AOi? jJl <Lw*>L^J|)) ! Lolj 
C cJ^ CoL*_oJl . A^>c-o I AO£j o jXtS* (^yXp—\^ ^LoJLpI L^J«P 

A -XAjj t Aj j^_>cJl AOollj c(jjLJ|) j-P-v^J 1 A^klOoJl oLjJLJlj t oLoL-<OS"j ^J l j 

c l)I j-JaJlj pUajJI j i oLu j-yg..,]' j 0 * 5 1 ^ 2 . 7*5 1 j olu j c oLo 

.AJuJlj c 4^JlO<J| i AillaJl j 



^3 *L>- Lo Lv 2 j 1 <-£ >>^-LJ aJJI o dlLJl o j^Lo ! liJU 

aI^I ^Jl jj^J coJyJ)/l ^3 Luj*l\ oJJl Sfj! JllJI 

y^y*S 1 j_p I a)_j -Lo U Xax> I 3 wLp j~y^ ^-* 5 1 ^ ^j^J>c_^Jl 



oj_A .l^>- jl>- j aSLLo^oJI A^ilo>t-o ol^> £>s ( 1 )jLp)JIj aoo]Ij ^LpJJ 

^1p ao-L>|j ^3 j j ^J5wi ^1p ^jLL)I I ^ aLoJ jj Lo ^ jLJoJl 
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Lo-a c a— o-L*Jl <w?L>c_;j i LaL^Jl i-_uS\jl L^>- yL> j^L*u La Lgj-a j to-> < aS\Uo 

4_*JJl (_£ ^>“Vl oUJJl ^j-a L^jO>- jJlJIj ^-o-L*Jl ^ j_U»t_x>Jl e-1 jjj ^^L-P L‘-~J 

.-Ui-a ^iL ^_L*j ^ jLjJI -bjJj t— 3 -L^j 4 -0 I 

<u»L-wvJl^ L^lo-U- 1 oLuLJl ^-a ^3 c_uS" aJ^Aj ^Lp LL-*J--*Jl ^JoU*xJ 

L-oJLp L*j>- j-a (Jj^l (j^5s_> C-o»o k^U-SDl O j— o>-lj . ^AUJuJl j ^ j_L*JJ 4-jJa jJl 
Lgj>- j^a ULp LlxS" U-JlxJlj c l— *-a L>- LlxS" ^jLJI OjS^jj <. a-jJLx)! ULL> ^3 Uj j_*-a 

^l ^'Ows— «-^o C A-^Lp^ • I jl -U-l j v >Lx$" ciU^ ^Ja-^o -Lfi j C ^j-.^.". ^- •<>■-) 1 <Lal«P ^Jl 

J Aj*>\J A_P j^»j>t-a La ^_Lp A^a w\_iX-oJ I J 4-o>s-ol 1 oLjJlxJl <^sS LL^~-L-a 

4-jJLJ| j a-o>-L*JI cj U> c-L]a-o2-oJJ 3 jjc^o ^sLo^I ^ >1x5" ^j^2_o2_>- Lo-S" c Loj>- ^ x-a LlxS" 

. ^c-Ua.^-oJJ LL-%J— %Jl oL_A ^3 o-UX*-Jl 

CjL^-al ^j-a (, >LxS\Jl (1 )j_^> (1)1 Lg_Xa (^oL*-a J^3 J (-_U_5L]l £-1 _AXj1 iS 

^ Lp -L*_> j-Lo? -li Aj I j 4, LwoJLp ^.-^-1 -Lg-vXo ^j-od j-<J J (. 4-jJLx)l di-L) ^3 (-_uSsJl 
(j J^O (1)1 J C 03j Jj>c-a US C_-JaL>«0 U— >0 ^£? Lo2Jo>- ^ 1 Jj— (1 )j 5L ^ <l)lj c 2000 

^P Lo->- ^Xa C-J J V >LS\Jl Lg_> (, ill ^1 aUL)L Aj ^xSLa Lg-XP ^J>-^X> ^xl 1 A>t^jJl 

^3 Ow?J L-d-— -L ?o L-Lo-P Aj>s_^oj ^->lxSL!l j-a (j^Svj (1)1 1 j-0>-lj C ^ 1 ‘XaJ 
(Jt)LU ^-a Lol-paXS^ 1 4— UxJl <L-l_o-P ^3 ,*_aL-vOJ t jlSLo^ 1 j ‘LJ^ajJl ^J-Lj 

.^j^Jl ^3 jA-<Jl ^ ^o>c-<>Jl oLj 

Lp ^- oo>c-oJl oJla jj J_o 2 _i o-L-*-wai A-J-LJl j ^ jJ-*-U ^jJ^Jl -Up clLLaJl Lo-U (jj 
L^JJu ^)Jl 3 j_^_>cJl ^ Lp A-^j>- jjdJ Lo j-*-^l A-oJiuJl j-SLul (jl 3jlj c o-uSL] 1 
y^~j>- ^s*j l ^1 jj>- s )l\j jj j>zsS\j a_*j>- 1 ^-<>Jlj L <o>- ^xJl ^3 LJl_*Jl o 3 j->»Jl (< 3 ^-L>uJ 
Ajo>t_Ul j_SLul Lo-5" tjL>so^/l 4-p ^_L p_^ c ^j-^^.ia.^/g.^cJLoJl jUo-U L^oLLul 
cl-Ll-LS'^ A^JgJ-o-ll ^3 LajL>o 1 ^J_P t-_3l I 4J Ja-ol ^o»0>c-o-L) A-^oJ^Jl 

0 j^L-a wULo (1) jooLo ^JJl AUUJl J ^ J-UJJ ^jJ^Jl -UP ciLLoJl Lo-La ^3 



-ft 1431 /3 /20 ^UJI 
AOiJlj p jJuJJ ji jjJl J-P OLLaJl <CjJIo ( _ rr o J 
Jl aI yl 



28 



lL)1 












AcE 


acetylcholinesterase enzyme 




ANC 


acid-neutralizing capacity 


1 ojJJiil 


AQI 


air quality index 


JJi 


AROTEL 


airborne Raman, ozone, temperature 
and aerosol Lidar (see also Lidar) 


1 

jIjJ ^isul) Ajj^-I oUUil j ojl J 

(Uj 


ASP 


activated sludge process 


aUujII oL>A-I ojj 


BCF 


bioconcentration factor 


j ^ 


BLM 


biotic ligand model 


Aj 1 aLao jJ 1 ^5 


BOD 


biological oxygen demand 


j ^ 1 1 


BoQ 


bay of Quinte 


OJj jS 


CB 


chlorobenzenes 


j ^jA^Jl O 


CCF 


chemical concentration factor 


jU-Sdl yS yJl 


CEC 


cation exchange capacity 


Ac>- ^il oUjjVI aEIv« (Jp SjJJiil 


CFC 


chlorinated fluorocarbon 


jj\SLo 


COD 


chemical oxygen demand 


l ^ i ^ 1 f, - ^ ^ 


COH 


coefficient of haze 


ji 1 


CP 


chlorophenols 


((j jA^) j o'y 


DDD 


dichlorodiphenyldichloroethane 


Ll> (J d_> jjAS 

(DDD) jjKJI 


DDE 


dichlorodiphenyldichloroethene 


^JtLo (J ■Ajj _jA_S^ 

(DDE) j jKJl 


DDT 


dichlorodiphenyltrichloroethane 


(J ^jLxJ _l> j jA^ 

(DDT) 
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DIAL 


differential absorption Lidar (see also 
Lidar) 


jIjJ jJg-Jl) 1 jIaJ 

(W 


DOC 


dissolved organic carbon 




DOM 


dissolved organic matter 




DTPA 


diethylenetriaminepentaacetate 




DU 


dobson unit 


i_) o_b»- j 


EC 


electrical conductivity 


aJL ‘ uLslj 


EDTA 


ethylenediaminetetraacetic acid 




en 


electronegativity 


il) j aJuIs 


EPA 


(US) Environmental Protection 
Agency 


Al*Jl aL?* ills' j 


ESP 


exchangeable sodium percentage 


JjUJI y-/s\\ A— ~sJ 


FA 


fulvic acid 




FBC 


fluidized-bed combustion 


yU^\ 31 


GAC 


granular activated charcoal 




GUS 


groundwater ubiquity score 


i-i j^"l oLil jLljo'yi a>-j^ 


GWP 


global warming potential 


jl A^a 


HA 


humic acid 


JLjJI 


HCFC 


hydrochlorofluorocarbon 


(j jj Jjj 


HFC 


hydrofluorocarbon 


^5 111 0 j-> Jjj 


HM 


humic material 


aJIo o^U 


HNLC 


high nitrate, low chlorophyll 


jj j^S" t aJIp ol 


Hu 


humin 




IP 


inhalable particulates 


aLI£ olw> 


IPC 


isopropyl-N-phenylcarbamate 


Jri-N 


IR 


infrared 




LC50 


lethal concentration 50 (concentration 
that would be lethal to 50% of an 
infinitely large population of the test 
organism over a given time period) 


(7.50 o-J.1 j_S 1) 
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LD 5 o 


lethal dose 50 (dose that would be lethal 
to 50% of an infinitely large 
population of the test organism) 


(7.50 A~~o 4^*11 AP 


Lidar 


light detection and ranging 


(f. yjz J l_> J *> jlilj) jl-Lj 


LPG 


liquefied petroleum gas 


JL*o ^]g,A> jlp 


MAMC 


Metropolitan Area of Mexico City 


O-La Asb'.a 


MAS 


magic angle spinning (in NMR) 


A_) A_tjl j_Jl 
NMR 


MIC 


methyl isocyanate 




MMT 


methylcyclopentadienyl manganese 
tricarbonyl 


tijj-d! 


MSW 


municipal solid waste 


AjjJa OjLLaj 


MTBE 


methyl tertiary butyl ether 


y~J 


NMHC 


non-methane hydrocarbon 




NMR 


nuclear magnetic resonance 


i Ssy 1 ^—.-^-*-“ i k’j 


NOAEL 


no observable adverse effects levels 
(also called LD 0 or LC 0 ) 


j\ LD 0 ) AJ jA j+S* OjLv? ^S-\JlA 
(LC 0 


NOM 


natural organic matter 




NT A 


nitrilotriacetic acid 




ODP 


ozone depletion potential 


OjjjVl o ji 


OM 


organic matter 


Aj P 


OMI 


ozone monitoring instrument 


jjjjVl aSI y> jl^>- 


PAH 


polynuclear aromatic hydrocarbon 


^ jJ aP o y> 


PAN 


peroxyacetic nitric anhydride 


J S\ jJo 


PAR 


photosynthetically active radiation 


aJLo j\ aLuXo JJj: a*_J«1 


PBDE 


polybrominated diphenyl ethers 


jJl ol jZ I 


PCB 


polychlorinated biphenyls 


j oLjUj 


PCDD 


polychlorinated dibenzo-p-dioxin 


j — ^ — 


PCDF 


polychlorinated dibenzofurans 


j ji^Jl olilj 


PCP 


pentachlorophenol 


J (J 
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PM 


particulate matter (PM 25 , fraction of 
fine particles smaller than 2.5 im) 


(Jj j-OLi P]\^25) 4— — o— 

'jS' l ^ ^JJL> 

( jj 2,5 


POC 


particulate organic carbon 


^ 


POM 


particulate organic matter 


—~A>- P 


ppbv 


parts per billion by volume 




ppm 


parts per million 


AjA* b° 


ppmv 


parts per million by volume 




PPN 


peroxypropionic nitric anhydride 




PSC 


polar stratospheric clouds 


oJai Aj jj\ P 


PTFE 


polytetrafluoroethene 


^pL> Jjj 


PVC 


polyvinyl chloride 


^ _Aj j j\S 


pzc 


point of zero charge (pH 0 ) 


Aj .1 ' 0>t_zJl a\s.£.> 


RIRF 


relative instantaneous radiative 
forcing 


l _ s - Jl jLiJI 


RPP 


reductive pentose phosphate (cycle) 


(ojji) (Jjiixil j^oJl oLL» ji 


RSP 


respirable suspended parliculates 


aLIs 4jlL*-o olw>- 


RVP 


Reid vapour pressure 


JjIj la.* ./o 


SAR 


sodium absorption ratio 




SOLVE 


Stage III ozone loss and validation 
experiment 


Stage III Oo j OjjjVl > aj 


SOF 


soluble organic fraction (of diesel fuel) 


(JjjjJl 3jij ^ys) Ja>0> 9-y>- 


SPF 


sun protection factor 


J^Lp 


SPM 


solid particulate matter 


oLv^ A^JLv^- oil* 


ss 


suspended solids 


oL^? oLaLco 


TCE 


trichloroethylene 


jyd\ jjLiVi 


TDF 


total dustfall 


JSdl jUJl JU 


TN 


total nitrogen 


bfrir 1 


TOC 


total organic carbon 


JS ^y~as- i)yjS 


TOMS 


total ozone mapping system 


/»Uaj 
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TP 


total phosphorus 




TS 


total solids 




TSP 


total suspended particulate 


aJ^JI aaL*11 1 


TSS 


total suspended solids 


<uLv2Jl oUUll 


UF 


urea formaldehyde (polymer) 


( 


UV 


ultraviolet 




voc 


volatile organic compound 


jUs yJsS* y> 


zpc 


zero point of charge (pH 0 ) 


Aj yu* aJl a^?*_^J| aJ g.A) 
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^tai j^yi 



La .1^. ojitua e-LjaS A^nLui l^jl ^Ac. J^l J) s- 1 ^? 

Jajaij ^3 (_)LixJI 4jL^}la] £_i3^)ll Jaddll tiilj lj.la*J (jl ^jjaull ^ic. j 4^)Jj-a-a]l <lj)g >^j 
4^^)Lda jl (j^ld j^a L)^ 4£.Ljaa]l Ajduj ^3 .S^Loll dV J)- wM ^)l^)£lill 4 -ajI.}]I SjjJ 
. S-I^JIj $.I.}*JI ^jjJj (jl vsj j t L_l]l_aJa]l j ^l£JI ^ c ’ S-L<AI _jj.ll (jl ( *. 1>J lilj 



.^jldll (j-Q dj| ^ J JJjubQ Vj 



(JjLa-a 1 ^,jJ V 4 g-1 x^-a^ll 4_niuj ^3j 



jnxi j)l 1 n\c» (j^J ^aJ 4_jj 4.** aj^k J Ijjiu-a jVI (^^La. (J-ajV! jl^jjJ llC- jl£ ^ 

lg_j| ^Ic. 4 <J jjII j 4 dl j j^JI ^gJI jld]l Lijl^alj (jl£ j . £ Ld3 4 nd jia jV I 



Igllljlj ^llaldj 4lijld.j] li3j lg_La jl jVdiL/l £iJald 4_JjjJaill 4_Ll3 jJC. dlil j^. 

? c > 

djjix-all 4dijai]l &1A ^3 Ijljjlal (.** V W'l (jd3 . ..^j3j j)t\ (jujiilj 4d (jl V] . LiilljLj 

. tgj^jL-al j£-aJ V 4ddll 



(#) (K.E. Boulding) frai# .1 .4 
1966 



1993-1910 s jiill ^ (jllc. (jjJ ja*jj jC-Loij ^ do Jajuiljj d-aiisl jawj 



(*) 
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«** ” •* «* 

Environmental Chemistry 



llj ^JJC. .4-iuJ ^)LiLa 4.6 1-lJ ^3 ££J^)lj (j] C ji-GJ 

11 qa 1 g a tS^)'N < all ^3 4-1 j> Via A_uj^^ djLoJjai^. £ja A a\C- Cj!.1j 

^jLuiillj ^}-<UjujI tA-illadll AiUall ^jl Jp £-qj .SJjI^Lo 4x.^joiJ 



t .Ixj L<u3j cs-Ljaall AjIaJI ^^3 a^l^^-ll Cl±^.^kj .6^)I^)^JI ^ja 4_1jI& ^jjjILg dllSjjj 

c / 

<ip£ Ajljj ciioc. (protostar) ^jl ‘ls 

Clll^^jj . ^LsI-IaII ^jjIj LS^] ^I3all (_£*^J 









. £jk 1£ .Ij^j 4 jl^l j 4^,_jJ 



(_$\ (jj£^ (jl 4jjj^)la]l o^-J Clljj^j ^^lill 4_x_LaLu3! ^jl*_ll o^£l O* (j^ 

SjIaII ol Cli£ jj j .^^AAulll V] du*n\ ^^g.3 tliil] ^ n+nllj U1 tAij]L<ill ^a-iSl qa 

(j£joi (.** I.W’il SjLa 1 g ( ^3 c^piAui]l (jj£lil ClbJajajl 4 CjO-J*^ 4_xj^poill 

(jp> o.\)» \W ^-jAjoJI dil A\kk\-\ o jj^p £-°j .(solar nebula) ^-laajmJI ^jjaJL l_a^)xj 

tdjlp£^)A (jj^£lil 1_*_A (Jc-llilL AjjalAJOill 4 -AJ))Via 11 (j-Q tiilj ^3 djl^jlc. djl^J t^pLAulll 

1 a\°i djLajlx^n \W \ g'v^i j c dj\,A u*i*y \i ^ja I .Ij^a L)J^^ ClAjJ^^Jl J dj| _J^1I (_paxj Cliajl£j J 
. dAjf£jj£llj 4-iL-^a LaLua^. 1 (j j£lil {js-xxA ^Jj l.x^iar \ Li^J^jd j j^)a ^ g \p 

^\-N^kl£ g- u-Vt' CjIAjjSII did J c^J 

4 (ja>.^ divlc-liia CliL-a^,^ . 1 g j3 ^.^joij i 4_i]L^JI 
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d±jl£ ^llSI cAjlsLiII l_i£I j£ll <1 jLoi]I j a iL-'ill ^jl^LaVl 

^1 A_ili3^ A-<Qj)JVidl tjj-aljxll l*11j 3 ^ Lod A_ljliloll dildLdill j 

. du Lu3 dij j£j 

. l_i£ 1 j^ll dij cl) -0 ^ *^1 J ^ Cj ul£ j 



(Early earth history) fj-iil) 

di.i^.j ^Ull AjL^II ^1 ^oll diAlL (j -0 4 yq^ll tii L ^3 

.llujldl 3-° 1 g ,ol*i» -o 1 dlilL A_Ax-all ^jd^Vl 0 _^joi 3 (j^ tA_LaJ^ldj d.1^11 3- 0 Lgdlalj 

^Lnll ^j-Q A y^ll (dll ^^3 A_ljad^)ll ^dl dll dlillli j . dlldiluJ j 

tdis^ll £-* j *3 jO^ \>dl ^jUjj . ij x dl ^jLdj ^jLiill 3f^ j j 

*Lijd^)d dl^.^dl (dlS^ll ^y d ^3j ts-lda^l! ^^3 (_jd^)Vl a ^-Ida 

u^V! 3 ^ j .(_£^)dl add*. <J^lc. LuAdJ dllolij ^Jajaill djl^jlc. S^)dluiAll 

1 A_LoI£j ^)x-Vl» 11 I db d3 . 1 (j^ ^ls i ^}dl ^jLlill 3.)> jal< ^ 1 Lol 6 1 _jj3 j 

. ,\udl ^^jLii ^ jl qs ~** } £-0 Ad^o Aajx-o) 

clinic. lilj ^Ic. C-Loll c 1 x^ijl (_jdjVl (_j-o 1-d. ^}5L-o dl l3j ^3j 

: (J^ 3 3* 

4H 2 + C0 2 ^CH 4 + 2H 2 0 (1.1) 



H 2 +C0 2 ^co + h 2 o 



(2.1) 



dli ddl^j c jj^ jl-doj diljd-o J 3^-j (^JJ 3^lijll 3^^ 

.Adi dll (jd^jVl ^Jajoj A j via a dioidl (j£-uj ^Ic. o^Sjli-o dil^^-d 

(J jl ^J 1 ld 3 ^ dij J jajj 6 1 -ida-oL^. A-o vVill ^jL^dl ^>Lq 3d! 5. Loll 3^ 

Ajjj^)j£ 11 ^uLi^Vlj (HCL) ^.Loll ^J^l^ (j-o-o^ ^Jj AiLdal cA_i3 (_)^doll 3 ^^)^^ .\.u^l 
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A k dljl£ Igjlj ,^"ia J ^^lill (jJaj)A*\ll j . jj^/I Alildall ^Jl dlU j£-a (j-o dljl£ ^^lill 

4 Adi dl A_A_idi]l diUo^-dl SjIj^ dll_^.j.i j pH—2 Ada^A^. (J-olc. .liljd 

d^J^^lxxJ ^A J^Ld^lj . 1-A^JJ)^ XfO ^3 d 1W J dl\jj)^Al Aj-ld (_£/L^_ll (Jj)XtO*S J <jal£ Cijl£ 

lilL *Lgj 3 ^Jj jl -. ^J>alc. *Lgj 3 dutjj^jl II] hAjJa II A]^x-d 

jjLijj] f.Lall (jjl*-all jj£l JJ dl-lll jj tdl3_j]l (Jjjij ^5 J .(IjjjSj 8) ^ L " ' [ ^**J' V ■» (_5^ 

t Jllall .(secondary minerals) Aj^jliill ejUj^dl JiUjl ^2l ji Uld 

(CaC0 3 ) c^Ldill L_bailj^) ^gil $.Ldl <kdJ! dAj^J_j£jl ^IdJ J^xj 

CjU cijLjjjbLAj JjVI a_iLq^)]I 



Ca 2+ +CO;- ^CaC0 3 



(3.1) 



»UI 



(J* JA_1 



dll jliJI dllxdl Ixdijl l^)Jj£ dll 3-ij^x a!1 ^3 jjIj 

.a_ijI£^) 2I diljjilll (j-oj 



^jlaj^all a£^}^. liuii Ia.^x V‘i J XT-ill (jliidl tA_ijl£_^2l <iajaijVI did j 

S^da AaM t i3-i ^jdu J) 1 «j*q> L-bujjiill CIiIj'ac. j ^jLiaj^II j ^jL jjill di^ll j tAd jp^Ml 

.^aJ^ill Lgdj^jlj All^lall L_li^Jl (_jJa^)V I 



(The beginning of life) SL^aJ] <iiU Jj 

. 1 1^>aa d"^ t^ajdi]l ^^-11 C5^ ( a -^ C ' C5^] 

£ J)xJall (_JA l^ldlA ^JAXT-i 1 ^JJiAJOlll Ajtdl £joll^ t 3 llll lilid ."I l‘n*\ ^^Jl U 1 ^ 

L—U^d^ t(Jc.li!ill dll jia-A £a c AsUaH AillxJI AjtdVI oAA du£-oj . ^.-^.xxiqnll (_ 3 ^ 

. ajl^jJLojjill J J jjldJI Jia A J-i uxij AjjxJac. dilj^^A 



CO + 2H 2 — > CH 3 OH (4.1) 

CO+H 2 -^HCHO (5.1) 



39 



NCH 11 (j-o Ia^c-j ciAj^^aII oIa du_j£j 

(J^axJ J*Jj *(J^ajVI £ y* 1*^* ls* J^J H 9 S J NH 3 J 

^■lajA^H 1 g \aj tl-lpAJ CjIj£^}a CLl^Ic-UajI £y± .Bj^a LS^I S^)J* x«all ClAjJ^^Jl 

.AJajjoull djl.\nnll j AaIlgVI 



A-gj-IB ^ ^9 dj^)^iaj .19 Clljl£ 1.1^. A_pl Aj 1 «u,a £j\ L-Aj^jxa]! £ja j 

tig , n^jq] aJ jl SjLa Aiajjap AjjjJaC-V J jVI L 1 iL«Uj ..le, OljhL 4 

3 . 5 (Ja9 4 «1}1 ^1a] 1 AlWill £-G J . 1 (j-G A_i]l_k C5^ 1* Clballc. J 

Lll^-Jai£l J^Ual cJc-lij t^gJjx>ill L_li£^)!lll LS^" Ia^-^ 31 (J^» J Clj^J^la tAiuJ ^jLAa 

= jP' JJ 

C0 2 + H 2 0^{CH 2 0) + 0 2 (6.1) 



^lLxuj jl ^a £a aJc-Uaj tAjj^j _j^3 (3,3 ^g9 J 

j t^SI jilL cAjjLgII djljlpill 3 -ac-I Jjlj3 £-a .^jiajVl 

6A*jj£j-g tgjlj (jia^H ^Jajoi ^gic. AjaaII L_i*-aj (J^aaII ^j-g ^ u*al *(jVl (j-G Aajoj ^^)1_iLg 
.^J l ^gi c5^pl^ Ijl^ Ip^pj^A 4 OjjjSII .yu^l ^Ia ^ u^ii j .I^xgII l" n^>. ^j-G 
Apllxll ciAj j^aII ^gic. ^Jac. (_^HI jjjjVI j 

^»LaI c_j\_a 1I I Ak ^lia J . 1 ^-lajuj ^gjj (J jj-a ^]l ^j-G (^aaja]I AjcujI ^9 o -1 ^^.^a]| A9lJa]l 

. ^Jajoi ^glc. SIa^JI £.jjIa jlLol 



(The recent earth) 



(ji jSn 



Apjl^j]! ls^~ cj^ «g11 1-gA Ajjo£^g]I ^^JIj olj^kll .lii] 

^gic. Lnjoij llplj ^ (jiajV! L_li£jJ ^pajl 3 U^ 1 L5^ **-^3 (3) 

oLpJI dil^j^ijuj ^jlj lc.l±!ajl Ul >. t i^kj tiil^ .aLjLuJI Ajj-o jULJI (_$. 

jiu'i ^j-g (3*^ .SAaII tiilj ^UjI ^^9 Aj£l_uj (■** nq i Li^3j>.)>^ J 

(J^ (j- 0 Cl: iI^jj^Ijjj £jA j t aJ^IaLg djl^)jjlj 1-g-iB o^JxllA A AjJ^a ia 
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CjjI j l_jjoijj 3 I j ci±^JI j JaiiIIj 

JDlL CIAjj^aII .1^.1 ^Ac. l^laj 1 -g^c.j . ^jVl A^nll 



L * \ Jaj-ojllA 4_iuj _j!-iIa -li-aj 

^al (j> i« j 1.1 (J (j^ • ‘ dilj j^aII i" {ja t A_ uijLJI j 

.A-AL^Jl l_LJa^)V A-algAI AjjL jjill 



( ijA jSU 4-4il$2l AajLjjiJ) q* a) jaJI 0^4 1*1 (Jj-^l 







5.98xl0 24 


(kg) AliSJI 






6.38xl0 6 


(m) jlasll 






5520 


( kgm 3 ) *sl3£ll 






1.5x10 s 


(__)iiAAJi!l (jC. ,.1».lll 








(km) 






290 


^Jaj-ull 4^.^p 








(K) 


^LuuUil 




jaJi 






1.37X10 21 


5.27X10 18 


(kg) AliSJI 


1.48xl0 14 


3.61xl0 14 




^ in ) 4 *\1 >>ix> 


^Aoa-Lxu) jjA-uaj 2700 


1030 


t(J^a jVl Aic.) 1.3 


4 < i <^Q*i\l A a 1 **i^\I 






(0°C 


(kgm 3 ) 


4 Fe 4 AI 4 O 4 Si 


t H 2 0 


Ar <H 2 0 4 0, 4N, 


4_UiUJ^)ll dltjjfLAI 


Ca 


t Na + ^Uu 






CllKjUii (JfLi cA 0 ”) 


.sof 4cr 






^£cl] . . tlllj jJ j£ J ^Jjo)1£Ij 


Mg 2+ 








•3-1 Jl 1-1 


1 ^ 4 ajjJn (jc. 


A \°\ >>ij 4-<iJ ^ ^ 



41 



(The subject matter of this book) 



\ A& (JJAtSlA 1 . 1 



4-iu]| f LlojS A-Jiji 

(Systems and surroundings in environmental chemistry) 

4ajI~X TA (_JA 4 alljj 4_j\j 4 lA plljl^A^JJ^ dll *\\3-1 j.«-1a 1 Ua3 J 4 4 S1^)XJ 

<d^qu2)U ^daUJI jjSlI * jp ^ <a j .(suiTOundings) l^-kp^ j (system) 

^ajg QaII I 1A (JLajLIujI ITi^aJ . *Laj)3-i )a\\ ^ £ ^joi (J£ ^jJaJ 3 -iJ^aII <jl ^p. ^3 4 ^JjujLia]! 

^^-ujLa^. J ^1:3 (Jij 3 (j-° A-ijl )a)A 6 jjjJjoi (_£^pj 

Uj lipdl dip. ^ 4<-o jJiidl jl .LpdLll dsUJI pentachlorophenol PCP 

^jj)\ ia*‘uj.i 1J (jjill ^.L-ailiujV 4(d A *-d^ (Jc-LLo ^^3 

. ^.yu^-aMl ( 3 ^^-° (jjill ^jjxn.Vig a '1 j 4 <a£>La 3 I 4 _ii£^i 3 l (di^lc-liu 

4 IjillA ^ 3 j . 41 jLaj) 3 Vta 11 (_£^pll 6 ^)jj£ l^p. dj l]ju 4 3 -lp a !1 ^gic. Jlill £-aj 

^3 Ajc. 1, u*-i'l SjjjpaJI jjjIj Jl ^aIjojI (JajlaII £ jtd ^.Ldxll cil^pd IaU's 

^dioxin (j.. u ^ j^*dl lW 3 0-° djlpiiio Jplij jl PCP SI ill jj dip. <ja J^p-aSI 

.Alnll s-Iiai^ £Jjlal^A ^ja 1 1^.1 j ijdc. £r u«-ij 

^dixil L_aiLa]l ^pVI 4 _s^) 3 a 3 l ^x j u«-iMI ^ja llSUiA 4 _xj 11 a 1 V^aj 

% 

Cy^ (j.. u *‘^ ^ j-q CjIjjLai^ I^j Jdd ^11 CjLJVI ^^pd dip. 
.tglll J)l ^l^)ia J 4^JjJpJI l$£ jLo! li.aij 4 Lg_l ^_pa^)*JJ ^all 4-JjjpJI AjjLpi^ll dj^ ^poll J 

Aijj-kll g-lp^SI J £.l_p.Vl c-S-aIc. lc.jjJa^A (Jiaj 4a j3-i ia (_jjI£ 3I cliSi 4 dip. 

| *A <lc-lijj (JUijjl c 3 ° 4 *LaJ)]q IaII 3-1 j 4 ^ A ^3 J 4 ^^AjolII 

== A 

. 4 , 1 nil q . I \a f\ ^Jjlal l ^JA Ic. ^jla^A 4 ^cJj . . f. \ a\\ j 4 _J^jl 3 ^ 

. AaJ) 3-1 1 a \1 (J- 1 a 1 ia]I 3-1 p aH g .1 JA 4 lull » 1 }A f\ 4 3 -U>Al 4 O^jlpj 



^Ljidl ^dAll ^jl 4 > p j 4 4_m31 g.1 ja lip ( xjoiI^ 3I ^aj)g ^aII llA 

^ij 1 V^aj 4AU3 (jLdV! (^ill jI^aII ^ja Is^Uajli .Li3 L^-dalj 3 -ij^aII dllil 
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6^)joi3 \,\ Uxil AiLi3^) AAlLa d l Vi L iA . ^jia^Vl alVAj (J^IaII 

jl dll ^I uj (JiiVl (_£jLauJ C 5 ^°j (_£Aa 4 ^ 4 ^ C 5 ^ AjjljAj^ dl Jj^Ixjj ^ *.s~l) 

^LajaVI C)£^ I_j1ia (_£jl-d u' ^ 3 \h\\ &AA A^LajoiI ^j^a i^ . dl^dill c fl^ll 

j! C dj\ ^ 12^11 AIL^. ^ jLIaVI dljJoC. (J-^ 3 J (jl jl AJV^ dl^JJ^lxAJ 

.Ajj^ill dl_Aii]l ^ja ^j-alkli]l dVl-^> jl dll aIL^. ^^3 dl^jJA ^li£ AxdaJ 

>* (_JA 1^))X J.s~j V] (J jld V tLgJ Aaj 3 ^)J^1 Aic. cAiila]l oAA a£Lajoi 

.(1.1 Jlill) t > jLS 6380 jJLJI jV! 



cija (atmosphere <j jaJI <*-fiUJI) j^JI J] ^ jUJI jd tSl jaalLj 

Ajj^q d^Lc-lij 1 g aC- Ajj ^C-Aj Q.V^x a dl^jj^lui (Jx«oVl t^jia_jVl 

J&\ A-bLiAJ^ll d^ylc-llill ^jl ^lx_j Lbl V] cAjJaidiA dlc-lijj! Aic- CllljjjAxJI oAA <ja 
. ^jia^jVl -lala^i] 1 xd-aji AjaAVI SAjAjjj I^)2a 30 dlc.lij^)l Aic. (Jx^aVi 



jjUd V LS^ AilLall (jli 6 qj£ 11 Jjl^Jl a\ 1 (jJJ O^J 

^j-Q A-illc. dllc-lijjl (_}ia^)Vl ^^jo) (.** 1 V (_JA .W fcl^lA^Ii^ 50 1 g*! 5 LojuJ 



lAAj .Alnll g-1 J<Qj5 ^jLixjj ^3 Ad. c." lA Vn La ^lax a ^jda^A (JdAJ t^aJI 
1 g jlc. )-^J x xi a\ 1 o^)jx,x^all CIiLajJo'iaIIj A^ULa Aj^xMI AjAj-uj Ia^. ;1Aj,Wa Ajj^ ^C- ^)J 



LiaLajaI j^Vi lJ a^joj tillj ^ Lg-j 

jl ks-i d^i^j jl ^.Lb (J-1^3 ^ja ;<1a ^ m a o Jj.Wa ls^ L) -0 



J! J^J^laII ^ja (J. 1]^ IjIaC. Ibl^^ ^3 LaAIc-j ^ja <1ixa <a±La 

Jajj^A ^ja ^ J>^ (j^ ^jc. Ul ^ i~nj Lbl VI . oAjA^. Aa jJaJA 

.Uajl^jlA Ljl_l£ l*A (JilAJ lx JA~S 
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t-jU&I) I Ak ^jjAuXa 



. jV 1 <liJ 1 1 ^i] ^LuljSII I jli] 1 (. t 

utsll lAA l^-llj V 4 _aI_A S^C- 4_aj (jl 6^)La>VI vn'i tciilj $. jjJa ^^9 j 

. Ju^>qMlj 



lK j ^ 4 (environmental analysis) ^iA\ JJaAll 6^ li* 

Lo \JIc.j . (Jj\ Vi'l ^j-o ^jIj AjLo Aqjju llA AAAbLia Ijj_j2j ^Iij £- jjJaj-o 
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AjljkMl g.ljAj^'1 4L_nxjJI I^J j .6^)3 jIaII djULull oJ A aq311a]I o J -IaIxj 

Cj jjVI .iiuikl j\ ^j^ISa Aj^ls .AkSI (JjWi'l .A-lnll 1 q' Aj 

CxXA^j ^jjUS CjI jjg Vt i. > tUVn iljj-G 25 -km C5^ 

AiLjal clLiSJ *>1 j\Vi c > lUnn £.1 a 11 <j-o A_ia£ ^ AkojaJ ^-IIaII 3j.1^j J <Q 

^jlj 4 AjI1j ^jIS jj-*a j-® Ajnill A_iLkl]l (jl <_£ J>*a] (Jj1*a (J2*j Jl 

.A_ill CjjU! <_£ JXM L_jll£]| IIa J 



.(environmental toxicology) aAlJI ajaIJ <ak jc. Uj£ <Jj£II 11a 

IglJj J jA 4 AjJI ^Jc. (jJ^)jaix]lj (^3kJI <jj]l ^3 ^jJaJ/l <jkl3 Jjl3 l_j\_1uj 1 .1^.1 (jls 

J]l cAJVIj AaLaII (Jjc-li-21 (j]j t ^jjjLil! ok^. ^3 kk (jljyj Ia^^ajjj 

4 Joll Aj^.j ^Jc. J 4£.l_l^n ^3 JjJ Jill ^a^Ajkl ^jjJULaj 4lg_J 



jl jAj^slI ^a^Ajkl kJjalJ k^AC- L_Al£jl I^A 4cii]ll .A_1 aja 1I ^ak U«^l ^A 



4 A-bajLuJ^ I A_lAjal]l £_£ JLla] d^jtkkA AjoiSLia &3C- ^XjJal^A ^3 ^akj 4 S^joIJ 4 dA u^hmaII 

A_jjj^.ll A_lnll LS^ ^ ^Ajoill djLik ^)j3£j J jk ^3 JjJ Jill lW _J*Jt 1 g 'ia j 



.l^ljljj Jjjl jJaj 



(environmental 1 $j j ajjJI ajU^ qc- Uj£ t_it&ll Iia j 

till jlll^ll l^'i^j tAjlc. > laSJ jl til _jllll ^iaJ ^j]| A iln^.a'i'1 tllljlajll (jc. ^jl cCOntrol) 

ejUjjJull jjc. jl t" Green Chemistry »l jjJa^JI »lj^'l " ^ AiLjaUI a^I^JI 

* !S 

tlilililll a i* ^jIixj . ^ CIjIjjIiulaI 1 3^3^ ^ >. Wi ^**<\ 1 ^jjj| _5 

} s 

A_ujI^)3 3^)^-a (jl ^ 1 j^)I llj 4 t 1 V 1 A_1ujLuj 1 ^xjjJal^A 

^1 A Jrn.Vlg '1 ^IaI t. At'! J A_^_^jooll CjI LojLojI JlAJ L_fl .Ajjkj 

. ^1a\ J 4^1L ^ t/lVhtl 1 ^}] Ujl V] 4dj^li]| ,1\ 1 



(> (environmental science) Alnll jc. LU^ uffll 11 a ^ tlj^' 

^Aj 41 a jjJ3^a1 cJaIIII JUaII A tjill ^ak 4 . n5 (Jjk_i ia 

ciiL ^jJAjJaj A_ixJj .U JJC. j c-l-l^M (»kj k^. jl J\yW J ^UaII ^ak ^ja 6^)±& S^La L-lilajj 
.I^IiaaI 4 4_jl^-ujj jaII 
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IAa Liii£ dl IjjL-sailiujI qa (_jd^)xll ^^Ac. (J-aill (jVl 1 Ti^aj 

. Ausi^$\ o^\\ Anji (J1 iaLia]I 1 'iLaj^k a! 1 'lAg q\ ^a^£)lAl ^-jIjaj^AI (^LoiVl l_iIj£3I 

£-1 j ^Jj1\ dll jj^iuAIj 4_ix_i±La3l <lnll c * jj ^ ^LaIaVI 

£_£jlxAl ^ jx>i j!il 4A1 aVI ^ja li^.jjlj .Aj^jAqII A LdnL/l (jc. n ^1 d_sl ^)_i3tlii\ 

<lu]l £.1_1 aj£ 4^a3lxAl $.L^jl 4. q\"'ik a ^ja dlVL^. (j a <1 iLa^i cilL Ij^jAklj 4<daj^)*-<Al 

^)] A-oLgAI (^JjLuIaII ^4 ^j| I^JA ^)Jj£ ^All 4 till A £A J . liL^. LiaIIx Ixjda^A (JAaJ 
jl (Jj (.A \ \\ Jill LAddll £ja aAaI^ Ax ja-na ^djA 4 _jIj£J1 IAa (—fildl ^ja (JAils . Lg_Al 

. (_3-fA9^\ til] A ^ja LlLda 4 LujLujI AdljAj^l AjjJa^l 



(Environmental composition) 



cr%^' 2.1 



(jl^A d-£3^)J Ojlx Idj 4<lnll (jjXA L_l£^)A jl g-ljAj^ p\* ') 

^1 ja\\ ^^A La .A \ uJ od. ^jC- A_jLk^l c > iVi liA J .^da^AI cillA ^a (_}jjLia j 

J I Jlx ^a! t^Jt-nia (Ja ? C5 jIiaA1I L_i£^a1I j! jj-sdxll ti 11 j l^J (jjdJ <> jA3I 

^Ac. ^ j))Vn L_ljl AaJ dljlk 1 Aj 4^aJ ?^a\_uj ^A (Ja ? ^IAxa ^X ^ 

.A_xAjj>JI CjIjjIuiaII till} l_A±ujI g.1 t/i'quJ Inlc. (jl£ 4A_JI*A1 J^ljlSl ^ iuxn AjIij C1j^A£jAla 

. CiaV cJLLq ^a jJlAll j 



cillA L_Lk-aj da »Af\\ \W ^ jJIAII g-ljA)^ \ ^LajAI ^ LAu 

(_^ 1 aj Ail U ^ 1 .Lo ^gAI " A-AjIjaj^H Allix^xi-uj " inn ) <j\j \x \\ 

Ix^^jjoi AjJjoi^I cIjVL^. 1 jli (Jj^JI ^ja 13 Ax. ja-n a !1 ^jAjJa j*a)c. J 3 jl 

^LaIaVI nj g.l jA j'N (j-° 4 _jLujj o jIjaj^j 4^1^ ^ajJLi]l ^A 

<jj£ Jj l^)lajj I CIAjjJj]! j ^>jAo3I j A_ijLJI dll Jx>i3Ma11 LqLjj <j ^jc. <J ^dj]l 

dlljl^ladal L-UjolIj ^jC- 4_jl^ cA-i^lkll ^j^lx a\ 1 Ak^luj ^a L^_j1_u1a 

^J1 I jikl J 4 £al ^11 • A-aU Ak^jLoLA dlLoJ^jj ^ dll-AJ^j) ^ S-lLia ^ A \ iL'ix’n Agj^l q“i j, x \\ 

* * t t 

."LJLIa Laj^j" ^>xc.l da 4 ^IaaIIj ^j^UI ^ cs^jj ^Ajaxxi 
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AjaI*JI AjLjJjoia La <3^)*-a ^j-a Ajl ^ i» j lAA 

^)jjLLa]l ^a ^)J^I ^jjLlAJ oA^^j lUti La (_ jj!^ 4 c-LaIIj pl^Jl ^3 

?A m a CliVL^j ^jJal ^-a ^9 A \ 

^9 LlJ^j (_jdl,VlAj ^LaajVl £-uilj £jLai ^jt,si\c- ^aj ; i]lii]l (jl ^g^ALoll O'aj 

Alnll ^ 3 j .ijj^j 0.7 mg kg * C 5 ^ ^ lC ' a A_lnll 

Aj jIaII J-iC> £-31 ^aII ^ jj ^Aij j ;<allk-a J)j£! jjj (Jliill (I) ^ jjlLill Aa . jj 4 -L_ijL-<ai\ 
CIjIa ^JallAll AjAVj c j£-aj 4" Ajanilnll oA^J AjjlLa . J3I jl lOllgL 1 SaIc. 

I j ^3 (Jx^a^k La lAA j 4 A_x_9j^a]I C1j\jj1iula]I 

^.Lall ^9 (j-o cljLjliioLa l.Vi^j Lj^^joj ^3 ^>*^11 ^Vixi (j-o CliAx-a^j • 

■ 20[igL l AjJi 

(Jj-aj ^ jjIIj A qJVi^ll ^3 c_lAA ^'u djlaiV-a (_^ jp Vi • 

.3.5 mg kg 1 ^ 

C 5 ^ 20 mg kg 1 LiLuoij l^jLojj jj£lj3 ^LiS l £ j ^ • 

. A_iic. djLijAx-a A^lala J 4 jpu^ll ^9 A_i^.Lja 

La LJlc. lg_jl V] tAlnll ^Liaj^ VujI jA] AjIaj ^ ■* _J& jjll oAA (Jj-a (JjjLj9 (JjjJ 

* 

. Ig Lc-LLaj dll _j j^jJjoiI] 3-aC-l djLuil^p (JjjLuiI (J!Laj l^_jV Aj^jA^^. AjIaj jnan 



(Species distribution) 



O^ia^M £jjj 



i—lSj-o jl j ■ «a jc. j^uljS U ^ 1 pljall dlVl^ll a]I 

t flA-saj 1 0 4-0 J 4 » y ^-> /jl Jj^-44 jl _^all ~ la* ■ 4 jjjj 4 '■ ir_ ^3 cj ^* -0 

Jjjl ^>la jJ^a'Uin ttlllV LaJI ^uasj j . a_u£^)j]l t LgIa 1 A jl jl &a!\ a^llj] ■’ ' ^ V ~ 1 

aJLa*Hiai1 ^Jj /- j-^. 1]| 1 . ^ajl (j-oj ■ 4 UlA\ 4 ' 1 1 . \i ^3 'jjjxj] 'A v .'c. ^ 6 ^J^Jaj-Q (Jjl^j 



V. Cheam, “Thallium Contamination of Water in Canada,” Water Quality 1 
Research Journal of Canada , vol. 36 (2001), pp. 851-877; H. K. T. Wong, A. 
Gauthier, and J. O. Nriagu, “Dispersion and Toxicity of Metals from Abandoned 
Gold Mine Tailings at Goldenville, Nova Scotia, Canada,” Science of the Total 
Environment, vol. 228, no. 1 (1999), pp. 35-47, and Z. Zhang [et al.], “Thallium 
Pollution Associated with Mining of Thallium Deposits,” Science in China (Series 
D), vol. 41 (1998), pp. 75-81. 
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AjAsdl oAc-Luia dll jAI Ig Sjjj£ £-1 jjl l^lo A^.jj ^^Uli t'LiiLnl! ^ jjjll diLn^la 

djLuab.iA.il ciiiil (jJlfLo 3.1 j 2.1 (jvL£Luii]l ^jjjj djlc.jjj 

cpH c-Loll ^\_da Lulj o jl.nc. L t d aJL^. ^3 . e-Ldl ^^j3 343 ^ J 

djlnadftll till} Qj£j ^ . jjKII dAj jj! 1*jLi ^L-sa jj l . ,u£j!iil ^joij 3 ^3^ 4-^-^ c5^J 

. l^jL^aJ 6 ^L 1 ^-a 1 I djl ^jjslILILj 6 J jA^-g AdLuil 

^Jjll^.1 djl^ jjJ 3 l£ 1 ^3^ 4jb^ dlULiJ £^33^ djl jW 'lx> ^j£j 

^ic. .4_alik-<JI £-1 dj|j ^fLi-aLbA u3^ j£^ Clul ja 5 J djl m '1 A nar <o 

association AUdVI djjlij Aijx-o ^^Ic. g-jliJl cLljjjjil! Adi*j tjlid! 

dissociation A^&W dJ jj Aildaj t*LJ j ^Ldl jjjjill a^I 

djliLnll ^)3 jj ^Ic- ^ jjjll ^ W \a A x^-> Axuxj Ia] . 

djlAj^ Aj-gALM AjdLdl A_ida^)i]l c\_£jA^^.j Ajjuj 1 _ 1 a]I A j^j^Llj 

. jj <SL^. ^3 Adat-dl A jat.nLdl A.xijJVi.dl <jl ^Ic. AjjJV^li 

c. ^ Uu'i ^jjAijj 3° pH = ^ ^-<udl Ale. 2. 1 (J^joill 1 n^xn 

qa % 1 6 ^jLdl 3^-*^ • A-<udl dlL AjC. I 

. Ia^. A L u>a djlj A_i joij J 31 ^. ^ c%84 Q ± ^ jjA^JI djlj^j^)£ Jidj tdjlj 




(X 4-aj3 ^ jLuoj .pH *Luaj^aJ| J-alad £j!jj l^Lua^j dUjjjiil die- J jj :2.1 JLuJI 

[individual species] .. ... ... .. . . - . 

. CC— 4_iI£j) 4dju) ^ U^*-^ LH 1 ^ ^dujj 

[all species] 
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• C cl — (molL 1 j CjUjjI JjS jl! bud 4iuajj jjajjtl j_jl£ :3.1 <Ji»itl 

. (jjij <»« » Ait.y*\ jjjj j]l 4 Will OC 4^u3 Jxu 



jj£jj ^]c. (_J jiaj |'|I ^11 Jl 3.1 ^3 (I) ka. II jaOiJ 

O- %28 Jiu HgClf-11 J lsJj . 0.56 mol L 1 ^jLu jo&U 

JJJ pLo (t_j) -laaJI -%16 HgCl 2 (Jluj t%56 HgCl 3 Jluj tjjjjjll L>4j»j 
• HgCh o* Q-aig .alt Aia._j]l Q M '>" d.ua. 9.5 ppm 4 j3 j_jK 1I djljjjl jj£jj 



(jj£Li jjl t40j]l ^3 <£, ^L.; jjjjua j ■ -<■■* i 0 uaLaJI jOiaJl ^ j ji 3.1^J 

s-Lall ^3 Ic. jaO jjSI 4jla». ^3 .AjjjaJI oj 3 _jllj ^3 l uunj 5Lalc. 

^ jJIj Aui£Ij I j] (j£l tf-Lall ( _ s 3 (J5Lab5U Aljlill j 4Jlli]| (I) Cllljjjl jA 

(jl 40a «. JaJ O^JJ eLd! cs^ ^ l£JJ£- O^? 1 ij] 4jli ‘(III) 

+ 1 J 0 a.'lm^yi O^l-a. ^ (_J jOat-Y Q‘1'7- ; 4_uL<JI 4jmll ^3 J 1 ^ ‘(3^-^' - 1 . "J'l 

dLudl ^3 3^aa. ^-o]l ^ . .1 1 i^ll -j .'O II Lai . ^ I ' S j^lall o Ajoi£j-o]l ^ j ^ 1 1 1 * n +2 a 

i_bajl jjll (j^Oa Jjjj o^l CH 3 Hg + Ujja. (methylated) Jilddl jll j$i 

Ojljl ^raJI J i j l ^ . .'II ^aLui (jaiiaJI 1 La j . 4£. ^ "I ^ 4 : J..^ Lj c^)£-a dll o 4Jaul a_l 
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^ A_j| ciilj ^ja .cilAjoill (J£Ij <jl (^J-ua^I W^°j) c£_^.VI 

. Ljajl A m 11 tillj ^3 Ax usi p^jj (Jj tL_bui^3 A m 11 ^^3 J j-all ^jl-liLa 



(Chemical processes) 



A,\ jLaaSJ) £i\jjjjum 1\ 3.1 



.^Inll c.I_iaj£ c_L-a^l A 3-i < lij]l L) -0 U^* -0 c_u£^)j A3 ^)*_a ^nati 

Aaa£ .IstiLa j«\ x.^a ^AC. I^Aj cAi^Lai Aa (j! (_£ j)3V\j (jli tl_iA Lii3jJ l^j 

<lnlj CjU (j-o-kJa Jxau ( ^lill AjjJ^JIj AjjLlqJ^II j A-Ajh^iill CjI^j^IuJI qa ^)jj£ 

cillj 6£iil^]l ^3j tl_il£ ^ J» J iJ-^ (jj^J (jl CjI U. 1 -laJJJj A-allk-ali 

JUJI ^^-Ic. (J^J^I L5^ (_£-1 a ^gic. Cl±Ag_ujl ^^lill L5^ 

<3^)x-aj ^Jilxuj AaiaII £.1_iaj£ ^g_al l_j^)j^laj £ja ^jljll ^^lall <jli 1^1 jjII A_iic. ^llll 

> 

.A_mJI CjIjjj^I (j-o ^3^ ^^Hil AjjIjaj^' 1 djvlc-liuSI 



{ja <jl (_£^y tA_mj Luili^l ClAA-C-llil] ^j-al^^JI Qs-i\ : \\\ A_iaj j 

<lnll j t^Ajjlxll Almll) ^Jl A-iuji-uj] ^LoiSl AjljjI JV-k (j-o Ajrnll ^1 ^laill ^iLaII 
CLAjaII a^A j^jj tA_lAj (Jjl . ^ £ Lir-kV I A_1 lj) A_lnllj ^ <joijLJI 4_1ijj iAjjLall 

. Ig nj D^jJjfSk A_^.jI A^gj <jl C—fl jjjj Ajl V] cLoLoj ) (jc* 1 j <L-^ilA 

(jl V] 6 4_uiA_Jl AJJJ (JA CS^ A-^J^I ^laij L>^ 6 (JllL-aJi JjUjuj ^Ic- 

A_mJI ^gaj\ A^^k'l JbJL^j ^ lu.inj L$^Jl j^J tiljLuJl 

l 1 ^ u ^JAx^ AjjL±aJ^1I CLl\ t- Oi-^ j 1 \ a \ ^LuoSl Ayj - 1 ^ mO'i 4_j^lll 

.lg_lLJ \aa 3 JISjjVI Cj^lc-liCjll Jj AiLiaj 



A_ilnll ^Luj3VIj I^jiS^Ic. j ^Ldll Aa j)Vta\ Unjxrij LijLij "vljul 4. 1 (J^joJI L$^ 

CIjI^j^Iuj ^Jb Jliall lAA ^3 4 u^aII dil j^iuill ^J^iar a <all^-A]i 

Ax usi J VI tAjjLlAJ^ Cj^lc-lij V cAjJ^ia djl^jju ^j-ajJaJJ lg_jl C ^ ^ja 



.A_mJI djls^lat]! j!il t^-^l AjU!uj 



.1 1.14 *rt\l ^Ixa CllLa jJaLal .Jalajk-^ll I Ajt_u-a (_Ja*JjoU ^_fl _^uo 
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LaiS 4-olc. ^ja (J£joi]I \ A& In^Aj 

tS_jq UaiaII <SL^JI ^^3 .A jx,j j\ J-a\\ AjI^jj^Ij-u ^ja J}f^ Aj^jAII 4 3M ilill Ia^ijI ^jjjj ^ Aj . c-LgII 
JAa L_jLal^. ^ja 1 Ti^aj La Ia^j cAHjIj C5^J j2a S^jjJjoiII c.l^^.1 UJ^ 

(j;\ ^3 ^3 c-LgII 4_il£JI 4 Vft'| ^jLuU .^Luu 4_1L^. ^3 £.La1I CIi^^a 

j)a^a ^gij Sac. I x^ill ^.IaII <Jj£ £_£^\_ujjj .Laj^j 1 .3x 10^ 

4.23xl0 17 kg y _1 oaJji-B 







S paill j . ,wl4j) jIjAaII s' j£ ajAsN S jJajsJl sAl' JLu .f tail SjjJ :4.1 JiuJl 

: C5 i <L*jAa ^jA j AiVA* jjbsta Qa sjiil Cmi/fll . sL-^V' (jjj <IAa 2 Jj ^A kg y 1 — J 

Elizabeth Kay Berner and Robert A. Berner, The Global Water Cycle: 
Geochemistry and Environment (Englewood Cliffs, NJ: Prentice Hall, Inc., 
1987). 
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(jjl^^ .<^121 j \W ^jjMII 7.29x 10 kgy j 

(jlnill <joijl_i]lj ^g-lc. ^aJI C y* -lafll-uull liilLijaj 

SjJjI I 5JS1I *UII iSS OJ^ . 1.10xl0 17 kg y _1 j 3.86xl0 17 kgy _1 

. 4.96xl0 17 kgy _1 ^ s jjl— II j Jj 



.1.1 (JIIiaII las j ^ luiVi^ *LJI c!j^£-o Saa La I 



Cj jLaII S .1* ujLu^i 1 . 1 JliLoJI 



jl S ^]| AlUJI -5- o^&Lola!! 4_IL^JI ^s ^aJI ^I.viaII — cIjj^aII Sju 



1.3x10 kg 
4.96xlO n kgy 1 



0.0262 y = 9 . 6 days 



. ^aJI ^3 &\jq1\ 1 4 jJaxu^ll SAaII ^A o^A 



^J 1 o^)laj 4.1 JS^II ^3 4 nj^ll dll^)]ajpi]l ^O^aj ^) 3 jJ 

j)A Ljajl 1 \ ^a 1 ^Aj cALoLoiII £.Ia]I 4_UJ ^aLudSl j)AJ Laj 3 (Jj-aJ A U*n 1 )1\ djl 

(Js - iVl J.) (j-Q 1 ^) 4 ^ 4 _aJ I^A .ftAa. ^glc. ^joi 3 (J£ 4 _a 1 _^J| djjlc.la!i]l JjAaj 

LL-aj 5.1 j)J±J 4 (JLia]I ^ic. . A£j«aa]I (JLa^IujV A-o^>UIj A \\x a Clljlc.lij 



_jUa-oVI oLia jJxaa iS 3^3 6 II ^3 oLiaII ^pl t/i^d p jLoLj 



. Aj.Vig 11 Squill Ajjjj tillj ^3 4 _ 1 uj (J£ 



Ajj\.jaj51I CLAjLuII £_a tlaJaa-A]l lAA ^3 0 3^^. ^a]| CIjLa^L*-^^ (JIaxIIujI j}^AJ 

4 *L1a*Jjo1a]I oLiaII 4_1aIS D^^k-a ^^3 4(JL1 a]I (Jj Uj. 1 ^lc- 4 4_Jjall_iA]l 

diljLnll ^udij . ^llaJI ^3 £.La 1] L*lj\ g*uj.iVl ^A (_£^ll (jl a*j Laj3 l$ y* 

<La^aj 3 (_^^)j^)jJa I^Aj 4Ajjl^)3VI e-l-<2l CllVLiuj LX 1 4a a“v^a 4jJ^*1Ij 
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J hsUl LaA 4 (jl AaJ 4 5 . 1 J^xxlll ^gJl 0 JjaIU • *Lc. 1 ^ ^ ^plx^OA ^}9 Jj 

d^Jl ^ ^.IaII J£ ^j-lx^aA (jj . l_A^)JC.j AjjjjII Aju^LIa]! o^A ^^9 (jlAiLaj (jLaLa 4 4_0 jj ** z ia 

£ IaII ^jig-ill ^Jx^aII JjAJ l fljl x^1A D ^c. AaJ J . J^ XXI 11 ^^ic. 1 ^9 (j Ua 11 (j9 J _j\ J^aV 1 ^^A 

oLiaIIj Aj^JojaII oLiaII ^A L_fl^)l x^aII 4<1UJ1 o^A ( ^9 . 4 ql“i j N a CIjI^j^Iuj ^)JC- «^*j 

,^jl_lj]l (jUVlll ^djj Ajjjll AjjJajj Aj9 ^J1 

$. 1 J^l U1_A j j 4 U'S (Jilill (jAjJaJJ A nnll dll j^jjjoiI] ^>jlxxi 4 Q x J £_Ja j (jj 

dL^lclli] «l l ^lu-^qM l 1 . j 4 JJJJI IaIjj^aj 2jJajj*Ji >LalxJI d jjj^all 

* 

4^- jjJa^All Ijj9^)*_a 6 jU J xxi'i (jjll - saII (jjAA (jA J£ ^9 CIjLujI^j^IIj .A m a Ajj\ jaj^ 

.(j-abkJlj ^lx_ll (jjj La ^ a-^11 jA Ajnill *Laj£II ^ li$A.l ^lill CliLj, W“ill Ji^.1 (j^l 



(Anthropogenic effects) 



5 -jj-uull Jjc-li>Jl 4.1 



^9 <j^Aa! 1 4 La x'xi 'iV 1 Jjc.Ua (_^^dj ^A AjjjII £.Liaj£ Aau 1^)A] Clillj A^.j Aaj 

46 jLc- 4 m a (jJaLiA ^^9 AjjLxjjIa (j^£j (jl JjC-UaII 6^-1 (j^AJ . AjxjJall CIjI ^ j^jJjoiII 

diUUxxj j Jj) jL*J ajIc. ^)Lijxxia 11 djUdV 1 ^a ^_^Ua11 JLIaII j . dj^jl ^^-a-ujj j 

^Lc. di^ll JUj^j (> ujilL Jx^. (^Jl ^LxJl methyl isocyanate JAiaII 

.1984 

^^Lkj 4 1984 ^aLc. ^JjVI (j^jl^j ^)JajaJJ (j A ClllLill (jA jSUI ^*1 U^ll ^9 
djULlxxj j Jjl jLc- (jA (jllLl Ajlj^jV 4. (j^LLajl Jx^a^\ 4 .Vlg 11 J-axxij ^^9 JU^_j A iOa 

^Lc. da jUJl ^ u^aj (jl£ Jaxa ^ u^J>^ l>° ( CH 3 — N = C — O ) J/ua11 

3800 U Jisj Jax_a1U aLj^aII a ‘^Jv^aII l ^n^ll JUJ1 Ulaj .1980 

<djULx-al 4dljl^j 4 jLiAl IjJjU (j^^sxxi 300000 (jC. J^J V Ua 4. <al*s j 4 (j^a^ xxi 

- V< ^ I Li-N. ^ ^ 4 ^ » q 

0 y 

II I 

-O-C-N-CHj 
Carbaryl 
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fLaJt j£) Jaa jia jU£A qjAaa SjiLa pj&l\ . Al^JI ^ fLaJI jjL^a :5.1 Jiulil 

AjjLa 4jj£ J\ 10 4 m 3 ^jLuu 4 _«j 2 sJAj . A^tj Jaa Jmxj jla 10 000 4_Ja*ji j»J5UI 

d974 j»l* Jjju (ja ^jj <J£ ‘LajaJI .(10 7 kgjaJ tsjLuii 

.2025 j»bd jjjSj <yk (Iw) 



Centre for Science and Environment, The State of India's : jA^dl 
Environment: A Citizen's Report (India, 1978). 
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djl Xu x ^ u^l ‘LiljVl &jLx11 (J )\)a\\ cIjIjLluj 

J > 

cii^j jl ^ Id^ jjp. js (jl£j ‘(carbaryl) JjjLjjI£ 1L ^ jj*xll c(carbamate) 

J^Lixll (jx 4£. jxiyx, djjl 2 k.ll ^ t » n^ll L_njaill (jl£j . (JLj_^_j ^^3 _^xll Ja.1 ^^3 ^ 

£ 

(jj 3 (jl^.jjlill lax x>a (jJaldUlj ^Ij *ilxll L_J^)jajJj 6 Jj^jjjII oJa. j (Jlaxi l.g. lx A lift ill 

4 lx lAnj 4_ijaiLiiai (_]xl ^C. Ldajl 4xj d_ljl£ J . (jlxl dll jjg.'di *JC. (JJax ij t (J njxll djljLlxujjjl 
(J jLxlxl! djdaJl IdA (jxjl .'dj3^11 (jx^j ^3 (Jx^aVi Sdddxll djllldaVl dill d i\jc 4_J^)diJj 
Aililill jlxl (j^Uajl jl C_J^)jaij ^1 (Jx^-a-kj ^1 4jl ^lUall (juia (jx (j^l t4£-jj (jx Idj^S 

4_iC-^la 0x1^ jlxJC.1 ( ^J1 liija dllj J _^xjj .djjUJl diL ^jill djl jlxll ^3 4.‘lixxll L_iSl ^*11 j 

. 4_ul ixiSll AC-ll-all d-llliA ^jsix,\ (Jj 3 (jx ^C- Ll-all (jx^U 

^ ic. V] 1 g bc.lix la i V 4,i's.,i^)Jj 4_*_nJa djlj (_£d^ 4 j jn djljl ^lajJal 4_xjj 
jm'i t ^lx3 . 1$. jjuj (J 3 I L^_j 31^C. (jl ^ ixj V IjA (j£J . laftft . jx ill jl Jajxjlxll (_£dxll 
l^ij£ 1 jd-ax ^^lixJl jaJI ^ 4jn3jll d_il jlc. jj (jc. ^a.llll (_^J^>^11 (jAiia-Vl 4-ijl^xJ 
4, nxull L_i3l^xll d i^k u^ol 1 jj . (jj^jjxxll j ^jUJl (j^)^l (j^ajVl (j-^* (3^^ 

J^^illuLJ (jl (j^xJ tl iSxx dllj (jl£ (jl ^1 g lx (j^alVill jli c4jlS1j 4 ftjft^t. 

fidx ^jC. Jill V Sdx 

^jx (J£J Ljj3^)*_x ^^-Ic- Axlxj 6 4^1^11 ^^3 4 Ix'Wxll 4 _j^Aj11 (JjC-IaxII g.1 1 .^ 1 'ft u*il 

.0 JJ^lmill djllllJj t-JJ^jilll 

b\ x^kll (JLdJtdujLj j^xll 4 i<;xxll (J^LolxII U» 

^jial^)C.^U 4_J^ill dlxjdjj 0 ^L-aJjaiV ^^-k-all L_fl^)j-all oLl-o 4j^Jl*_x (jC- 4j^jllll 

4j^)j11 IaJjj^j d n^. i^ya 2 Jjftx L_ul^^. (^j-lc- ^ jJaVij Id^. 4 jlj1_ioi 4jlxC- od^3 .4 _jc.1^j^ 11 
^jx (jlkll 4_^.jl d^.1 ^j^l .4_j^jUlllj 4_1 ioljj^)11 djljJixll ^jx 4_Llda ^Jjldxj 4_ijjJaC. SjlxJ 
^3 AxLuj (jl j)ixJ ^J^l^jliJ 4 1 \x x Jl jx (j^i“ix 1 J3 djLljll (jl £.1^)^V1 1 JA 

(jx ^IxIaVI C 5 "^l! J .4_jjlji_ll UxUl ^^3 1 g l>djj alx^Jl 

Ixl 6 ^aJ^ll (jx (Jl-^x (jxjda jAxjl£ll 4j»j t lla ^J^l^jJ 4j^)jll ^^3 d^. jJ .4_l^.llll 0 JA 



:^i 4 0jjdll jill 11 a d-a 4jjld 1 JJJ)1 <4 jc.\ u^nll 4ljllil oAA 4_— afil L_d-aj 4xJ ^ 

Paul Shrivastava, Bhopal: Anatomy of a Crisis , Ballinger Series in Business in a 
Global Environment (Cambridge, MA: Ballinger Pub. Co., 1987). 
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(J£joi 4-xJax-aJ (jW »0.8|*l§§ ^ __^»1 (_£jLail3 4 xjLoi]I A xnqll 

c_fl^x-^]| &La^ LaI .Aj^jal] ^j^x-all (JL-saL-sali (J^jjIa ^jjJaC. ^t. ^j^xa ^jjii^. 

I_£_i3 ^jAaJI^U £jLaJl ^A^jjllj t<-ui-)l V'lA ^AC- j L_1 a£jj 3I O^ixllA SjLa C^ 3 

AiLjal jli 111 .AjjjII ^ ^jill tillj £^>a <1a n ^£1 ^j] (_£l t 80 § (_£ jLujj 

*1 a«v ll u-r^ljj 4 _LAjjJ <l£jaUi ^.Jjalj 4_J^lll C3^1 

c&La^JI ^^3 Ax_ix-aJ ^»LajaV1 j .4j_j! 1]1 ^3 ^^jl^-lll J.l^j Lg_jV *LaIa 4_1Luia 

<-. l^j d^ikl . Ljajl j^^)j^)jJa t^JjjJaxli A u>ib^Jlj 4-LaJJ^)A (j^£j (jl (_ja ^.^gllllj 

LgJ L_fljjai 4jj;iiJl AjjIjaj^'I j AjjJsjV! A-ijLiAJ^ll Cli^ylc-llillj ^LaIaVI 

^)j-alxll ^jjLi^.1 <Sj\j!1a]I CliV j>^M1 CIl^Lc. Lilli (jA^* nj . Ljajl L-aLja-all ^jjajL^II 

l<mnj c & LaILj (J^L^-l!)U <LLLlll ( xJj-all aJIjIj c^LjjjII ^^3 A q 1*1^ a 11 AjjjJaC-^Ul j AjjjJaxll 
Lfr£^l g*‘uJ j lA ^x^ill 4_j^lll jl^ial (S J Jp-aVI Cj il jj^iudJ jl CljlljjVl 4_1 jLiaj 

.^6.1 Jilll) ^1 Aj^j^aII dll u^ijmaII A Joxul^j Ij^i^. 

jljllAj tl_pl^)3l (Jc.lli LS^" *• ^Ix^i^ll ^ jJA^Idil ^Lg-lll Ix^-iaII AaIxJj 

^jjxj (jl a!.1±1a 1I A.ln.\l (jdaj ^^llll jjjl^)lallj i(_£_jdV 1 dll _j j^iuiSI S^)j^)Jjuj ^dtl 



Cd<OH> 2l CdC0 3( CdS 

Aj j i rtr .y / yi'uaki 



?-#*• 



; i£ , jj^S 



IpbupuALti 



A - 1 . * ', ' » ■ *t^a^ 



Ccj- 1 





Cdcr, CdCIo, CdOH* 

iij-J |_>ill^.^ 

i J l 1 *■ I . .'■* c- 

sU^I ■A i^ . .iaj 



-fc t^J ^Lll 



ALbdjj Ala JjUa jl JAa AiLual Jxj Ajjail ^ AjjaaJI AaiLfu^l jajjwjISJ) u^l&lij :6.1 JSJuJI 

( _ r a^^jl i_ij^ail SLai dAJ jS*» 
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(Fermi questions) 






Fcmii ^Ayk A 1 UmIj La L_iLi£]l (Jjj-saS (jiaxj ^^3 .id d yA 

(JjLolaIIj aIIaVI djLjLui^. ^jc. l qV‘i Vi a \ \ xu^\ o^a aj^^ ^jl .Questions 

(J«-t1«oVi\I oAjAjoij IaLaj A3^)*_a dUd jl djl-Q^Lt-o die. ^ li Vi ^lill (Jjj-aall dljlgi 

dAjLui^. ^aj£ A liJ c > lUVn . 1 qVtV.^ 1 'i ilkn^ ^Ayk (Jl j^xjj LaI . A -diill .Ij.wM 

* 

lg_i3 (J^Vliaijj t Al\ ~\C- ^^3 (3^)J Aj-aL-aS ^ 3 ^ (j-° ^.'itA dll Jj^aj J 



Ajdl " Ad . 'aIj&la Ajluj^j ^j^)Vl] (JjLtlillj (_^.laJI edd Vole. dLa^lx-o 

(_£.ill t,"n\\ ^jA3 ^^3 _jj-1a l* ldl>^ Aj^j^d 1 g ‘‘V aLia j ;^a^)3 " aJLiSJ 

Oj\jJC.\jj .L_jt£ll |j)A ^k (JjVI (JIJ^jjj L5^ l-^J • A'ndll ^jdul j L-jL^'Ij fjkl 

.Ja£3 ^laJI O^A ^k AJ U y^. jjAj 



cr*Jp J' >■“ 

^)j^a]| A^^}^. ^Ld^)l Ae-Lul £.ljjl C*\\g‘u*lJ (jl j)^AJ (_£^ll 3^3^l ^)I^Lo ^A La 
?A J^aII Alnll iillj ^jjjIj ^A Laj ^A^I^a^I L^J_ > >aI (J.1a (j -0 A ‘ij.)a ^^3 A-ia.1 u^ill 

?l_iaj^)al ( ^3 ^^^11 LgJ A u^a ^^3 <Jj.«oVi ^lill cilli ^a <llaJI a^A AjLujj (_£.1a jA Laj 

yA .Ad jjIa I^ILj, jjfLJj cVaj^aII (J j£xa jlilVlj Vjl Id • 

j)A l^]j t ^'lA J j) lUilA jl l^)L*_k-a jjl %40 i j^A 1 3.1*JI lAA 

. ^adjjVI Ax-L-u pljjl ^3 dl^jLiuj I jaj ^jl ^_^.^)a]I yic. 



Ac-Luj s-IjjI ^^3 dl^jLiuj ^jdliAll %60 11 *- ^^1*1 (jl (j^ - ^ * 

.(_^^)Vl yla\ yC,^ jl ^jjj^)IAa 1I (Jliial jl (Ja*JI l_jLaH] 



jjj <1 jl£ (Enrico Fermi) JI^V' lAj^' ^ c> 4-^' c5-°jl ^iiJ d.b 4 

i^dil (JjLull J jj^siillj tValxll AOjoiLoiVI Aa^)x-a]l ^^ic. aIIluI ^aASU .^£JI <J^>Ia3 jJ_4aJ ^ 

^jjC. AjaliVo (^I^Ja (Jl-ftdail Aidl jid J . L-ji jVu.iVI dl^)l^-aj tAiaXuaJ dLuJaLj^) ^ * nl y ^Alalll J 

.t_j|^aJI ^jic. (Jj >^11 ^ V tAiLadl AjIac. ^ ^LoaaVI j^yj tljLtxl 4ij]La 
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ClA-ill J CliLi^Luj ClAii^AaJl A_aj U’ 4j' dllj ^JJ c_flLjaj 

^ CliLJVi <Hc- (jjSLi lil . A-JI 100000 ^jLaJ Ia.Uc. J (jiajdij 6(_£^kl 
aj^c* cjj^° 0.1 + d^jLijuj ^jj^Ia 0.6 = 0.5 x 0.6 *> 2 



.1^.1 ^11 o^LiuaJl 1 g a Jo^'i ^liJl AiLouJl t-ln3l ^a! 1 (j^J • 

^jx>~s 1 g % Jpq'i ^lill a jKll AiLauJl ,j jLojj 1^1 . I^A -0 15 ^jl 

. jIa ji^ u 10.5 = 15 x 0.7 jLijaJI 

10 ^ jI-ujJ ^AaIa^aII L^-aI djl^)Lluii]j ^-iajuj^ll J j\\ <jl • 

y^ji ^1 6jiJ 1 100 000 ^j5jli ( _ 5 J^1I u!D1^1ujVI uj^ 6 j^ l!^ ji* 

•J*£ 




CjIjUjoJI ^ Ja~n ^olxll ^ya jJa o J-IxILaII CjI^UlIIj ClA ajAi^ W xj.n 

.£jl^)JI ^9 (Jjx^aq illj ciil^ c. L_fl^ujj tA jI^aII A^n]! is^ ^ 



i^ixji La-q l&' Ax.^LaL<AI cljlil_uiA]l j a£jVU» CiljluJI j^c. ^jli tLiiL^Al ^9 LaI 

c JHaJI (.s^’ • (j J j3 A^qj J\ ciilj ^Jj L-fll x^ij . djVl^lt ^Jox a ^9 

^j^aj c— ijI^^JI o^j • AojUii n5 (jl^uj j^c. ^j-Q S^jaIaII ^jI£juj 

1 g \5_j dA^j'-k a\1 j CjIjUJI ^■LiaII A_x_nla f .\ ^Jl ^^9 ^jjjA U^ 

.A_jfL^A^/i q. W*\a 11 dlLV^I ^ l^jl_jjilaj (jC- LaAj^AI e-L^jl ^Jox a t, <aA V‘i 



(In summary) 



AMELIA] 



.L^Jajoi (^3^3 1 g Aij^k a j A^fJ g-ljAj^ ( > _s-^ c ' cJ x -° q ^ SjLa C*’ i\a"u'I)1 

t S^jujj 6^A_udjLi]l AjoijLiIIj (a_ljU 1I A_mll^ ^.La]!^ ^.I^JI Jo )*\ a\I c^iJj ^AjJajjj 

.L_iAjj 3I djlliJi ^lij (J-olxIij 
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g.ljAj^ll ^»LajaVI lajli tA'm a 4_mj £_ixAal ja A_ujI ja^-j 

LxuS lALluialj ^lill (JaIj*JI ^x Ja~n jl (j>>x \ tj? (_£jj^)jJa]l j}A cillj (Jx-^j c 4_1 xjjLujV i 
<x-ifUl jc- ^A^lall CjIjI ^ iajJaV I j cA^Luu^ll AjIjjjajoJIj cl_ii£jj]I 1^7.1 (J^jaII) (3^ 
4 qV‘rs.a\i £_iiJaljA]l 4 _ujIjJ C t ^La'Vi 4_ia»g_iA]l AiL^)la]l jl .AjjjoqII A JoAnV I jc. jl 

^Lkl-lj Aaj jl LajIj lilA^ ^2 ^kjj (jl ^ I'Nj AjI V] c (j^ax t i\l 1 g j>^um jc- (Jjx-oj Lp! jil 

Liix^a jJ U1 A_iaA I ja£l jA La j . 1 1 g x>»* 1 ^^Ac. 1 g *>ix \\ I jLaJC. I j lg , \)\ LajS LLajI jj j 

UjI JjI^I jjJ3ja]I lAA (JjjjAj j^-jj j^Aij (jl \.n\c- Ajl jA 6(jiajVI oAA ^llals jA 

,aA^.lj 4 -aLc. Aaaj 1 x \*y liljLauj 




A^LiajSJI ljIjjja^JI j Ajualalb t JLuJI Jauj j A null tAaaail fljajj ^xi£j : 7.1 Ji^AAl 

4_Ln]| £ jj2 Aaajj . A-uuLJI AAajj AojLaII AiaJI j jaJI ^2 J^Vi ^all AjjJuII Jj&ILaII j 

cjbujjaj j-uajj SjLua jjia jl jLaj JaI jC- jA AaJI jaJ jail jaJ ^Jc- g j^$\ 

. AaaJI CjUjIHI ^ JaIjxJI iillj jjjLj A-jiai ^-2 jaJ jl ilgj 
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£ c- 



J ijVl £ jajl 



J* 

(The Earth Atmosphere) 



(jC. .-I ,; ^ ' LoAic. 

j^JI (jc. (j£j 

L>= jVI (jl JJ-i (jC- (JS J 

^ "c 

^ ^jc. 1 ."MX 1 ^lAJOll! (Jjll ^3 



Whitehead ( 1926 ) 



.1947 J 1861 ^g-alc. (JJJ (jilc. ^gjUaJ^J U jxaLfl J ^ 
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o^jVl j* 

(The Earth Atmosphere) 



4jLlaljAj 4_IajuJa^ 

4_iA0Ajai]| AjcujVI (J^C.li-0 • 

^ JjijuJ jJj Jjll ^ • 

Aj^jaUjJ ^ajj CjIjIjjc. 1 IdiLLoi^. • 

0^^ j ^4 n j 1 1-\ — j) 4 \\ ^ l 4_ijl_iAJ^ - i** ^ c^-1 Q*< • 



4-uiiHj :<ja ^ 1.2 

(The earth atmosphere- the air we breath) 

. \ jJ_jiaj t ^)jiajoi]I 4_1jolajoi]1 4x- ja^-aII l_i£I c_J^)3l 6 ^~iC- ^2 .1^. jJ V 

^j\jl 1 g j\c. dJ^^ja Clljl£ C5"^ ^ja'N £tj jaII j J L_l£l C1 j^ 2 j 

Lg-ilal^J C_iiliajl ^ja djLoiJ 1 g j2 oJ^^^aII cLg-i^^J 

<ja 4Jj5Lj tilt Qa ja. L <^Anj . 1 g m Lu 2 ^^ill Clinic. li!l]l 

^ja 1 g ^Jiat a) 4J^£a 1^. 4_iiAC. c.1^^.1 4 _i^.^jL^J| l_i£I -1^. jJj 

. ^j±^. jLa ^ \t.sT^\ 1 g n'N jj <ja V] J4*4J 4^a jjlg '1 j 
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oAa Ajj^j )oj Vi ^^All Clll^jliJl ^j-Q 4JLa^) <iiLa j& 

^Ac. ^ C. Qjx>ij A^^jaull A kdiVl ^A?* a 4_i3 (Jx^iVi ^^Al U ^Axj U‘^ 

(JAa C1iIj£^)a ^j-GjJajj ^lill C6^J^)ill ^^Al IAa s-Liaj^j ^)AaS L V«Vi ^Aj %0.3 

^1 dl Jj^luAI ^jLaC-^J (jjAlll A1 uj£I ^iljj (ftjill ^jLjj jl j) ^)J>XU^VI 

vixu-ojaAl Ax ja-naII l_i£I sAj^.1 cj -0 ^*1 ^jl j\c. 

. dL^AI ^^Al ^9 o^)9j Cjljli Aju jJ Aj Uii'ill jj jIL«AI 1.2 J j±*AI 



1 ^Ixui <j^ cjjlllj jail 4 -u.uj ij 21 uUjLail 1.2 JjiaJI 



£ja 1I 4jjidl Ajuuail 




78.08 




20.95 


U!>*“5I 


0.93 


UJC-J 


0.0378 





.c <l~> _^aAI J ^jial^palj (la^.V <dj*_a ^AAxi-<ax 4 mixing ratio ^3^ *•. i v) 3 ^ 3 ^ *■. u*iV^ ^ 

.%3.5 j 0.5 3° cH ®3^A£ 0^ 4 _$?AJ * Vi^) jj^® s. $.Lail jmj 



Ijj^Sj AAjIj Vi*jLiJ^)ll dljlkll (2.3 S^all ^>lajl L . id C5^ 

dl jliAl dll <qJxj.i^\ 4j£^)^AI AjjUall 3)1 dlxll IAa l_Ujojj . Ijj^j Ijd 80 ^ lijjl 

J) ' • O ^ J) ^-^jaa J] c£^jA 3)1 vJlij ^1 Aijlj^A 

AJ^aII vSj^II Ao-uJjIa L_jLal^. ^ cAlijlj 4_1 uUJ^) 11 dlj^^AI ^3-° C-ld 3^ 

. j»il M a (Average Molar Mass) 



jjiiu^jjjAJl ^ f Ij^U (Average Molar Mass) 41&11 -kuijl* 1.2 Jliall 



^ a M N x/ + M 0 



X/ 0,+^Ar 



x f m + M 



CO. 



X/ 



co ? 



( 1 . 2 ) 
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jjaJI ^Ic. As^lxll . Qj£a (J£j Aj uinll o^)3 ^11 j a^^aII a Mi Iaa f j M 

I^ic. (_pa^jVi -3^" (j- 0 i^A*« l Vi 

M~ a = 28.01g mol 1 xO.7808 + 32.00 g mol 1 x 0.2095 
+39.95 g mol 1 x 0.0093 + 44.01 g mol -1 x 0.00036 



= 28.96 gmol 1 



N ? tilij ^ja ajj^) 3 L-fl'vliil aJ ^aII aI&II jl lil^lij Vi ^ i>j 

IgAA ^£ij 



^ ^ \c~- ^JJxliSlj A_lulAJ^)li ^Ua.VI Jji* 80 lijjVi (jj 3 

^jIjj j jJ^Vli (^i-A iJ* >“i A_iJ j-^ali AjjIjaj^II Clii^jjAuJi c. > \ Uxn iaj^'.a 

i ^A ^^3 H^V Clli _J j^ijoili ciilj JAh c_fl jjuj . ^jK^qn t A ^. j ^Ic. (jj> **i^V 1 

.J^aill 



^ tLl3 jiV! A '/u ^'i Clli jlili (J^axj (■ t jS (jj^4 V c A_ljaLiJ^)]i li^Lkj 

ciiL AJi J|j dji^jj^iuj ^Jjj <alii-A L_lljjaii c*ilj ^^xjj c^ia^Vi ^Ja-uj ^ja L_l^)ii]lj ^^-li 

. Lp ^ aC-j Liiisi <ali^A J^laLiA ^3 (Jaxj elli^lxli 



D^jl^)^Si A^k^p i <Q*1C. j ^LolSi AxJ^i A^Jg j,n) ^^Ji 

• 1.2 (J^-uili ^3 ^LoiSVI ^JjJajJ (_£ 33 j • ^lc-Vi cJ^Vi L )- 0 3 j» x«o\i £a 

A^.^)3 14 LijI^aj 1_i1a^ S^l^^li A^.^3 Ja-ujjaA (_£jLuij i" n-\ t<_jia^)V i ^ja ^ijlijli 

-60 ^ jLoij aaj3 (_5^- a^.j3 a. Vi 287) 

L_U^)i]i t^^Ji (JA i^A ^gAjalJ .1 jl* 15 (_£jLaJ ^ l^jji -lie. Ajj4a A^.^)3 

^ ^iijoi^Jj^dli) A-jj)j*s\i AiajaijVi ^ J ^)2a]i cJ^S **“ ^Jajuj ^ja 
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U±ji\ J* (jlalia 



s J jaJ ^>3^ .1 jLa _jl£ 15 jia. 0 : (troposphere) jjjjill • 

ejLj 

SjljaJI jbjp .Ijla jl£ 50 15 : (stratosphere) jjIjauJI • 

.^liijjVI e^Lij 

d J jaJI a+ji .Ijia _jL£ 85 50 :(mesosphere) • 

ejLj £-a 



a+ji ^jj . jLa jliS 500 (^ia. 85 :(thennosphere) >sJI • 




ISO 200 250 300 



(o^i) 

I . 1 J 1 . I . 1 

twin Kiev i ■ i o lmrr k<0' 

hi »^-i Vi 

JaiJallj S jl jaJI A^jJ lj) jjxj £ j » ( jaJI) (_g jaJ) Jjhl ‘a :1.2 Jlull 

Jjajj iSjljaJI AajJ jaaulaII JaaJI Jaaj . ^ -a -JI f^buiVI Jlijj AaulujII a ■ ;l , a -< tt 

«^Wa". a'I JaiJI 
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^iLuj jjl^luJl £_A _jjixjj ^Jjjlill Uxl! ^j^JI (JldJj .<jK'l <lj£ 3 * i_JJ^)£j %85 

d J j 2 >l\ aj^ji jJu oUjI <2 I^jj ^ill g-Us jVI (tropopause) jjjjjjjj j 

^lijjVI S2 j3 c." ^iixjj jj! jiluJlj <Hai2l ^g-xuaij t^lijjVl 12k . ^I^xjVIj 

1 jIa 50 (_£jL uij ^lijj! ^jc. Uj^j <jj 1* — 2 jLijjl ^11 

12k o^)l ^)^Jl ^jdx-^ jjl ^jlLaill 4_llxL<a ^iijaj jjl ^jlluJI AjlgJ (J2oJj 

£-o £.1 ^J1 <ilj£ (jial qVil J 2-p3^ ^J1 l_^lajj . j3»M1 ^jjjI^xjIj 

.lic-j .Lnjoij l_jfliiui-a ijjljpjuJ! ^AJJj tliiXjJa (_£^)l^)aJI j-a^JL ^3^ 

<^.^p ^j-^aLlLj ^jx2 (jlj ^jjj15» \\ t ^iixjj jj! 3^*2^ Aji-g-j 

jL£ 85 (JjIujj lijjl ^jc. <jj1a — 90 ^fi-aiS jIjjJ ^)^jj jj^l! 

cill^ c3j^ A^_jJ 1*^2 J • ^)2juj j3}-21 ^12jjV 1 12k (J2aJj 0_j2® 

(_£JJ . j2o 500 i$ jL-j g'Ujjl Jlic. AjjIq <-^.j^ 1200 J] ^lijjVI 

.Ia^jjC-j a2k (_£^^J1 C-fl^/lxll ^_y . ajl t/i't 1.2 

<1221 $.1 j^3M ^ Aj^xoUjJ j-qjjII ClA_^.jJ ■'Uto 1 ^ lijl Jj oIjojVI *-. v>J 

Ills .^21 ciAjj3^2 <-j^^>^ 21 <31221 (jc. ^nxl tillj 4<ill^]l 

4 6^)1 ^)^jI <^^p ^jjLili <_2lxll Cjlc-lJiJ^V! -lie- S^l^^ll <-^_jJ ^jjLiLo LLo^kjjoil 

iji j ( <51221 <21x11 j cijLo^L-saiill 3^ 1200 C 3 C * 1^)2^ ^il ^jjIAaII ^Lujl 

.*3Lkll <JJ^)21 L_Sj^) 12I ^^3 1^. 1 ^)j3t xs-j 3^^ 6^)1^)^J1 ^jjjIjLgj jliJI <Jjljj_^ 



(Atmospheric pressure) 



(j jaJI hiuJal) 



<^.Lai2l ^Ic. <>a jjoiLg ^^11 ^g-lc- <i2a2l <Jli2l 6 jAJ ^^^Jl J-a» x>a\l 3 ^ 

•2.2 <i!)lxJl ^3 3^21 3s J ^Jajail <jKll 

M 2 

P °= — (2.2) 

47ir“^ 

101 325 ^Jajjj) ^_3a^)Vl ^Jajai Aic. JaiuJall ^P 

<Jl£lSl 3 c. ^■IaII ^ jLuiill jA g j 4 (^ 1 ^. oj^Lq) j^JI <il£ A/ atm j 

^^Jl <1 j£ ^)n » .q 3 V ljjIj jl^LJl l,^Aj) 9.81mS ~ <JjJa^Vl 

• 6.37 x IQ 6 m 3 ^ a jVI <■ ja r j ‘{o^ ^ !*> ** > 3* 
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(_£ j\ lau j aJ] a jKJI a <jl j 2»J a &U11 o j a c_i j jjj ojl £.U 

. jj£ia ^^ic. a a 1 a c_ a jjjj . A/ atm — 5 . 27 x 1 0 kg 



1^-iS Clljl ^9 $.1 4 jK\ 1 Lo 

IjJajI JaiuJall n ^lc.j 

:aJU! ISj 

P, =PV^* /W (3.2) 

Ale. JaiuJall jA P j /z -lie. (JI£jui12\j I^j^Lq -LaxjJall jA P^ 

^ jL-ij j 4 AiHiill ^jc- ^ jLoull ^a 6 101325 Pci ^k>i 

a \\^\W ^a M a j 1 9 . 8 1 ms 

T j 1 8.314Jmor‘ K ^jU^j jUJI ClAj ja R j 1 0.0290 kg mol -1 

* ; 

^ lijjVI llj ^jliiLLoj-Q ^jliixus ^ciiL <jl .K ^a 

* 

. g mol -1 j jaJI ii&ll jlo 

IIAj LxjIj <ix-a^J -LaxjJall ^ W\<q (Jj-g ^9 A W u>» 

• 1 .2 ^uJaj-a 



I^JaLlxi ^ajg i“ (j>a ^aai3j 1.2 4j* *ij AJoliIl 

U olaJ (_)jAjujI <^Ulj JaLm j JxgII j jjijoi jjl jiuJI jJjJjll 

AHjIj A t LuUJ^) 1I Clil jlxll 4_njoull J jUjJ £-g 

(Jij Ja*_kJall ^lal ^ il L-Ujoij^ * ^ 

. Jlc. JS1 JlkJI 
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l_u£ jj jb 2.2 

(Solar influence on the chemical composition of the atmosphere) 



£.l21 ql 

100 Aixi 4_iuLj Lo A-oj tA-illxll -^c. j!ill j 

J . 0.025 Pa 3^* *>»'i ^jLou j!Lq 

O -0 (_£jLujJ 0^.1 J ^9 

AiL^. ^-Ic. <alalA]l 6 AA J J ^gJl I jlaj j . 1 ^-Lua) Aic. La ^j-q q. J)^. 

<Lil£j ^JOLAJOl]l ^\jUJi^\ L Qjli ^Jj <—3^1 x 11 

y 

(> > Uu Vi .AiUnll 4_i]lc. <x-ujl o3j .<4^jaiil2l (j^S 4 _x-ujV1 (_£a]I 

j{1a ^jlj 100 ^3^^^ AiUall 



jla jjU 100 LgJjla 4a J 4 ^^uulaja-4 ^U-ujVI 4iUa 2.2 Jl^l 

> 

I J .1^.1 ^1! 3.3-3^ ^-s3a t 



_ /tc _ 6.6x10 34 Jsx3.0xl0 8 ms 1 
100x10 9 m 



(4.2) 



= 2.0x10 18 J per photon 



I ClAjjj.3^ cl) -0 3 ^-a3l ^ L) -0 ^ 



E = 2.0x 10 18 x 6.0x 10 23 = 1200 kJ mol 1 



3-° 3^ 100 ^-Ix-ujVIj <jjY<u'l A^Uall 4 3^] 

. 1200kJ mol -1 1 $ jU^j 
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(Jj-s I tJjjall (j-Q AjIIxII dllSUall ^JaLuiJ 

^3 ^-luI j (jUaj I.AA 3 x -" a ^ jj t ^Jj 

N 2 +/zv(^~126nm) — > 2N AH ° = 945 kJ mol -1 (5.2) 

0 2 +hv(A ~ 240nm) — > 20 A// ° = 498 kJ mol -1 (6.2) 

lc.L*_iaij J^3l jJ ^9 4-o^^UI 4Jjlia]l (jl 

cjI . 3<240nm j 3<126nm ^j W^j Vjia 

^jjIi^. 1 1 x>ajl j J) 1 g >>»» i j 4 l£j^ 1 ^ Kx'in ciKijll ^jc. 

jljjjl £-g ciAjj^J! Cjljill <ijaij jIjJjj .^^1x 11 NO Jl cJ^ £y* 

IjjLola Qj^xx diljj 3^3^ ^ u^-aj IjIa jii£ 120 (_^ jLujj g-lijjl '^C'j 

4 C j 3^ cj -0 c- 3^ ^ ^ jjj . I ciAjj3^ 3^3^ 

^3^ (3 -0 3 L5^) . dll^)J <1L^. ^^9 C ^jj^xxi^VI ^jljlLa CjC 0 (J^ jl.V^J 

^_ix-saj M_ a ^ aJj£ 1I jli <11^. ^^3 qj5Lj j 

. jjijaijjjjjll ^ 28.96 g mol 1 <xuall 3 * j* 

CjIjj^^JI ^j-o 3^ 3jajl ^Lijolajoi]! A^Uall ]ku>i i tJajl^^)]l ^}ju^ ^11 AiLjajj 

3 ^ o ^ aII ^g-xuaG 1^] .(8.2 j 7.2 i^ljillj 

ionosphere jjtidl 

N 2 + hv(k ~ 80nm) — > N 2 +e~ AH 0 = 1500 kJmol 1 (7.2) 

0 + hv(X, ~ 91nm) — > 0 + +e~ AH ° = 1310 kJmor 1 (8.2) 

aIILII V^j (standard enthalpy) ^JjaJI (_$ UL*iJ Lul A^V 
^jjjlj iiLa l A j o2l j A21 eia^lc-lij t. c ■ ^ (free energy) i 

^ <iLL2l Cjl^jjju Jjj'j ^j-Q (^Jsl ^ J\ ^pd- ^3 . >i\l J a jl \l j3 
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QC- l .\)» } Lg_jjj£jj ^)jo^ ClilaUa <^_Lx-aj £ya 1 x>ajl (_£ J rv.dl 

. A .QU xr^. 11 AjjI x«a^Vl 

£* * 

Jaliiill dj^lc-lij (Jx^aVl AaUall (j-aJAJ 4“ (JjiaLLa t^J 

La ^ J) <^U1I (endothermic electron capture) a\,^*W qjJ&JVI 

A_JI*J1 A-ifLi^Lip j-qjjII C1jL^.jJ 4 t \ uxi j& liAj .Aj£^)^. AaUa 4 1 x>ijl 

A-qj c<aIalA]l £.UL2I 4(_j^ajVl ^Jajaj cL^jV^-fJ . <_£^Ldl 

6^)1 ^)^JI lilj 4 lg_x-aLx-aj-ol ^ AaUa (Jal ^-Ijtjaij ^ya o^Ju-a (flux) 

. CjU jJ^I j C!jI jA!I A_ljoij j 

^)«4 o.ll.h C-liiilVtj ^^-ulAjalll ^-L*-ujV1 1.1JJ 4 ^J^xx^J^-IaII ^ ^5 

4 ^j-a jj-sxiJl A^.j ^^Ic. ^iijojjjl^jilxdl ^a jj 4^0^) jjjj^l j .A^LiAJ^ll 

Ajt_xjjl ^j-aL-alLol ( ^Ic- J 4 ^jj^xxi^jl ^Loill LiJajI .1^,^J 

Iaa .o^^IxjiaII (j-o J tilL qc, IgliaLla (Jaj 

A-^.^p ^Jj ^£1 lg-l^la (jr 3 ^ C1jL^.^a] 1 ^Ixjai^U (_ya\ x^a'^VI 

. ^ jia^jV 1 C5 JaxxijV I (jx>x^i 

xxi<;i ^ A^^5 j ^LAaoill A_x_xjjV ^j-aLx-aJ-ol 

I ^Jllill Axq-n'^1 S^LxjIj Ia J)j.)Ai A^j^ILg aIL^. ^ 



0 3 + /z v(X ~ 325 nm) O; + O* 



(9.2) 



(jxiiij Jjijoi Jjl jloJl ^ (JixxjVl o^)l ^)^JI A^^jJ ^aLi^jl 

^lill AaUall cJ^-° Q Ak ^ ^-Ijt-xjjVls .(_^^Ldl ^-3 Lg-xJali^jl ^ixjaij Aaj^la 

Ajl9j ja sjj- Cj l j\» 11 ^jaLLdl ^ \.j\xxC. 1 g x«a 

.(Jix*j^/1 ^laillj jI^.q'uxiVI a '^a) V lilj 4 l^-ia 



. ^jj^xxi^J^^gjl Ajjolajoi]| CAl Jj jill ^j^C- ^ Lx-sajl ^jiajoiII Ajuail £y& (Jjla (j-alaJj 
AjaijLill ^ Ujja. ^_j-alAJ 4(_jia^n ^JajoiJ AjtJuV^ 4. ^Alaj-al J 

Cll! jlc. ^ysLlA Jj .AaUall AjJai^-L<a 4 “ ^ V‘l AjljoiI (J£joi ^aJ 4^Ldlj 
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jIjLj LaA Cj! jUJI ciiL ^»aIj 6 »1^)a^11 4." 1 V 1 Ajua^\ ^jJoa ) yAtAyijyA\ ^3 4 m a 

^ja 4_J j£]b yi^jAJ ^J! ^j-aL«aliA' V I I^A .1 ua^l s.Ia]1 

A-A^iIaII AjljoiVI (jL-a^j ^ \t,j.\\ AjAj\ (J^aAaII I^A ^j-aSlijjj 

(J^^^aII y^. ^jj^-ujj (Jjaj . Ljajl Aj^^I-aII Cljl^LiJI y&yi (jL-sa^jj 4 ^aL-aliA^U 

Iaa ."greenhouse effect ^U.jll Cmll Jj*Aa" L5 -a*aj Ia <iHi> 

CIjIj! ^)lajJaV I <jl V] LS^ ^J N ^' >C.«^ ^^9 LiujLujI ^IaIc. (J^tiAll 

lAA y C. .Ia^aII ^Jj Jj^LaLAJ t_fljjoij .^\jl 9 J jl jdll lAA ^aJu <jl ^j^aj _^>ai!q]! ^ g V^J 

. ^jaUi]I ^3 ^jJa^All 

<JLa. ^ C1 d\£ j] .(jjl jJ 4_IL^. ^^9 *Laj)3Via y^ yay^\ y^. <jl oLiij^M 4 , v>J 

.dLaJI ^C-.1 a ^a l^lo -l^.j IaIj 4^_£^kl ^jj-aLic. ( *a .lajl ^3 (_]£ 4 jJ 

V ^ 4A_a]LxJI djliLLall djlj Clsl j^Luill ^ja AiiLLa ^uajaII ^>3jj 

g'uJ yA dj\jl-ii]l (j^AJ c_li£^jj]l lg_AAj 4<1^Aa dljl£ IaI olpJ] 1 g aC- J 

* -Vl*^ ^Ij 

A^ajojl yi ^jj^)^-i]l j\ 4 y^\ *.s-i\xf$\ ^Jj ^)AAAki]l (_ja A3lJa]l ^ 

(JaI^xII a^A -4-ijlj c-Ljaall ^Jl yay^\ (JC- jl 4 AjjIjaj^ di^lc-lij 

. J ^j_jl jj 4_IL^. ^3 ya^$\ A3Ua s.ULll ^Jl A x a\~\a 



(The troposphere) 






^3 L^LoiSLia lyy^ii filjAj^ ysi^') ^u-o1^a] 1 ^Jnat a ^\»*n 

(JxV '1 4Djl^)^JI Cljljjij 4 A^IsAa]! o^A . yAjAyljyilVl 44_jlli^]| I^A 

^Jj 4 AJUI djlc.lijjVl ^c« Ail!i£ j j ^jc- Ail^ cJ^^j 

^JajA yA fill'll oyAAxAA a£^)^. 4^ ^ Uti“i ^Ij^jj (Ja^. CIjI^Ijj 

iA a (j) jli liJ . ylAyl jl ^.Ij ^ajj (J^l^ bAc- ^ij^)J 

^alxJl 4. ^ jSSl (Jat“NJ LS^- ^ J “^ > ^*' 1 iS^ *^'^ Q C5^ 

(Jj^JI ^3 A^^jAaI! Ajaj.) n^)ll 4lljl^jlitJl ^ja~\ 4^j|^liJI 4^iL ^_jAjJajjj . Luijl Via j~n\1 
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jl IajIa^jas aIc-UIaII ^aaj C3^ 4j1«\a djli^lUkl a_aj J V] *1.2 

^Jj l^iajj . ciAi^Li^n tiili] Sai^. <lnjja ^li^l £_a £.L<2 ! ^)1 _^a (Jaajj 

_^a ^ie j lAi^. ^ jaaj Jj t<Ljia olo aj^'u^ V 4 Jc-liillJ dll jlxJI tilll A_iLli 

. L_U^^)J j^t/1 ^jjaL^aa 

$.I^a dljj^A aLajc.1 a jqj^ ^ic. 2.2 (Jja^JI ^a aJ!1aI Ad j 

$.!^J A m a >^i^> ^le ^.jjJall (JjA^JI 3-a \ a xi j .^A^aII ^lijai^ j^jjII 

AjjUil! (J^IaaII j cdU^j^All Jjja ^aI^aII till! 1 g ‘ia t^al^All <jA jac. ^a 

. ^gJLojj21 c__ijaa]l AqJ-i ia j cAa^IAaII j AajAaII ^JaLlAll j 4A_x_ujI^1I 



<j*aji\ pis^y (j - 4 ^jIsIIaII (j& jaLuj ijjjj^I (j^ajLua^. 4 JjLL» 2.2 



jdjj^jjjoJI (jsi \\ 



jij^l 



tdjj^j£ Jj jj *1» A l^jAalll^ t^ajJ.1 3 J-a ) O' 6 ^ ■« l" ll Ajul'N dlUaJ^-ftil 



^£cJ].. ^lla jIac. iAj^JaII j)A^ plj^JI ^jic. (J j^a jllC. ^Aid) A,*tnl jll 

Cj.'* 1 * 1 / 1 ^ (jl ~N U^l jl ^^aIAA C _ \\ U^t 4^)IaC- 4(jtd^ cIAj^IaI! (JA (Jlc. (_£jAuia (jAftll 

(lSJ^J 

oAjAoi Ajj-uaJj Ajdl 1 AAafl AAa A_j^la^ aAjAoi Aj^jIAo j^IalAa 

dliaJI 

SAlAuj Ajj-uajoi Aj*_ujI 4a^)Llla A_ix_nla Ajj AaC- jl tAjllc. Aj^Ja^) Aj^lAa (JjJatlo 

AjlLj 

(Jj-aall ^}iajl^ ^IajaII t__liaall ^jAui tAj^jjai Uaj ^janl (JjlajoJI jJaj-u a Ac .Ia-vIaII t-dall 

^ jpljLA ^Idal tCAJ^jSLlI j)A A q\» A (." ll A UH~N ^ic. (_g J)"l^kjj ^(_)JjJll_ulll ^IajoJI 



dlelijjVI Ale. A_ia£jj j (_£ ^Jl L_£tx_!l ft 2.2 4 j<uij \jj!\ A Ua \W 

* 

^3j . Clilc. lij^jV^ Ale A_1 uiajoi 11 AjcIuV^ A^Ua IaJA^I <^ 5-^ dj^tc-lioll AaIa^-aII 



Al2k ftjlc. A_a!)1JlS 1 (J» -SJ L5^ Cr Cliljjiu AaiA 4 j j!i]l 

. ci^-VI ft^u-aaSI Lo ^IajaujIj (LiauA IajIj ^jIaaj^II 4aj£jj (Jx^aj c^^aII 
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ublxll ^Lai£ yh ujLLui^j 3.2 

(Reactions and calculations in atmospheric chemistry) 



tj jaJl LjfcliJl jo £ jj LjLuibi 

(Measure of atmospheric concentration) 



J-q ^B CjljliJl J)j£l jj V BB 

/ £ 

Aj^JxjA]! £ I 1 (JaxHuiLj 4 (j-° 6 Ajjolj (JjAJ Clll jlxll (JrfQ'SJ LoJ^a . (^JJdLill 

; * 

4 (JjI ^joAI ^ A jl ^a] 1 £-A (,3-AAJjaLA ^A La] li^yL^. (j^] 4 JjSI ^il] Aj^IaII L_bao]l ^ 

4_bau]l (j| ^lc- jfll AiL/lc- (J-alj 4 V 4 yA ^JjAjjiI ^Jc. ^j£ll cillj 

.» 

" AaLxJI 6^)IaxJI (Ja*I1ujJj .Ajj^^JI Jaj)» xJ^-aW 4. > lui'i jl A_ia^l^ 21 L-booll A-A^aII 



Ajjgjj ^jLaJ 4(JL1a]I (JjJjuJ ^Ac. .(1.2 (Jj-l^AI ^jc. ^njtlll] "^’^a]I 

78.08 aaj fj IAa .%78.08 jl 0.7808 <— i aL^Al jAuj^jj^AI 
^ ixj . s-LaL ^jL^j »ln'iuiL ClA^LxAl yA i}yA 100 (JS O -0 V 

(101325 Pel ) (_£^^AI -LaxjJall Lax k>a Ale. 4(j ; i^.j^iil] Jax-iJall (jl \ x^ajl 

^ L5^ 



0.7808x101 325Pa = 7.911xl0 4 Pa 



,/>/ cl A^.^11 AijUa (JajLIujJ 4 AjJa^-iAll jj£l ,jAll A dj ll jlxAl (j«o^j Laj2 j 

4Ajj1a]1j Aj_^ja£ 11 L_budj j)\y c. ^Ac.j .^^aII *■. Uxl>1 LAlc. . . . jfA 

A A 

(jAxIiuiJ 4 JHaII LS - ^ * J Lax x>a]l j dlV ^-a]l (JaLuiI ^Ac. A_1sI£a djljLui^. (_£ 



.ppmv c^l t" JjjL 



l>° ‘S- 



A 



c-l 



SjUxll ^ A-N^kll jj£jj]l fjC. _JJ tx,*t]l 



^jjl l$\ 1 . 7 ppm l_ sL^Jl jLIiaII ^2^ ajjoij ^ jLuij 

(J-a ^ A ^l l (jl Jaa.V J^A (J£ O* 1.7pmOlAAJ 

AjL-all jI jJt ^ c 3iLj ^ill ppm uj^A' c> j?JI 6^ <■ ppmv uj^A' 
^ I jtU a \ Li 1 1 ' ^ <2ja a V;< i i'I . 1 ^ ^ ^ La_i3 i _L <] 1 1 • \ L> 1 \ ^ < . ^ L l j“il ' ^ 

jj^jjll Uali^ ppmv j qa cr 4 ^ - 4 J^' j£jA uj^ 1 29 g moP 1 lj jU^j 
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L£k*l\ dUjj ^3 S^idVl 3^3^ Sdvj (JL^xilujl ^pLill ^j-o . 0.94 ppm ^li^ll 

•LS_d' 



<_£^>dl dil^j ^^11 d_ild3^-j d_iV t^>^'l 4 _!j£ :C!jI^.j3Ij 

s: y 

. (_£^^J1 cd^liJl ^3 A ql» .all dll 33^11 j dil^liJl 3^3 qC- ^jm'ill LJlc. i^J-Axdujj 

. 1 JJ J ^ 3* c. ^ lull ll^uuj ^UllJl L_iLol^J1 jj j 



^ jaJI ufcUJl ^ dljliJl jj£1 jj ^jc> jjjtMl aIasujma dili^, j Jj^j 3.2 Jlidll 
d j 0 C (_£jld a^d^" dcj (_£ 3^31 L_A^1 Jl 11 ^^3 ^)l^Lu La 

?gL JLo*jjoAj (latm «^lj c5j^ 

t>adj La^sj . 22.4L jl*-ll ^>^1 1 ^ jLaij 1 101.3 kPa j 0 C dc. 

3d^-ll (j^a ^.1^11 34^ ls ‘%20.95 3d^-ll ^-^>3^ ^jLd ^jj^AAi^Vl 
: 0 2 — N 3£ 3 uj^ %20.95 l-gd* 1/22.4 L 3 C * 

(0.0446 x 20.95%) / 100 = 9.35x10 3 molL 1 

J> JaJjll <Jj-M a!£. jV ‘ 32.0 x9. 35x 10~ 3 = 0.299gL 1 ^1 £j li* <Li£j 

.Lai jt. 32.0 <_$ jLd Qi^wx^yi 



3>a*Ldj ^-N^kll ad. J ^3 dlld3^1 3dj Ji .on dll d.^! (j-a c£d^ 4x-j-a^-a <-aj 
dil-dUAi^H Laj3j .Id. ajjx^ 3 j£ 1 jd 63^2k^-a]l Ajj^JI (jjjLi^.Vl )\ ajlc- 

3Lajdull d - ® 6 A-ijl—ioJ jl 4 \\i.s-i dLaJjal^. 3^-^ <— S^lJtJl ^3 Aillx-all 

o.^j^k j a3^-q ^ja <d ^dV 13b . 3 ^ 3 ^ 3^ dd* ^ ^>^11 <1 j£ dld.j 

. (jld.31 jl ^jldtll dLaJjal^. 3^ Cy <3^ ^ddl Vdll ^)-iC. dLaJjui^ll 
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(Types of atmospheric reactions) (j <JfcUL5l £1^1 



^ V^ilo ^9 ^All c-1 )<a ^Aj A )\u«oq*i o^Iaj A_Al!ill (Jjx^adl ^9 <■ S^jo) 

CllLajoAl } (£ 1 1 ^ ^ £. 1 a]! . ^iijuJ Jj| ^jiluAl ^JjLxl t A^JlII 

^Ac. t_£_i3 AXa*iLoia 11 ciiLL^H ^-1 ^jl A-jjlj.cj ^'1 ^Ajoi ^ jjAll c!l}Ic.IAj A^jiLuAl 

£_£^Li-a 4_1XJ o A W,a ^AA-al 4 _u13L1a]| (_j-ajJaJJ t S^j^uj . Clj^-dijl] ^-a^ 1 (J^joi 

(jA 4 ja^nJa CIjIjj^iuj lg_Laj c4j_^A1 CIl^Ic-IAAII £* I ^ ^^Ac. J 3 AVn A_aIa 4_^lc. 
1 n» <a Ij^La ^_j-ajJaJj L-iajI A_3 ^joij Clll^^^iujj i ^iAjuj^j! ^jAjoAI ^^9 A ^ j 

4_a y^. CjU j^a £_-a AAAila ClA jjjIj ^AJ x>i^jj Aj^Aall A JaxxnVl o JjJ 



^^9 c(J-al_uj (JjlAaj ls^" jxxi n^j dilute. Clinic. liAll < j^~ iX } j-ftt^’i'ij 

4_Ai3LLa c-LlA • 4 j\^,a ^Al^-a ^3 <LjjJa ^jJ-AiLa dll A LujLi^l ^j-adj (^^)dl CIj^Ic-IAj <jl 
(jl (j^- C5^J 4_l^j\j dllj J^a 4-lJ^ij ^A jAitAll Jj t j^ill ** . j3 

(Jaj La IAAj cAAj^Ja ^axj V l^)jA£ ^jiA d.1^. o^iiu-a ^jj£l^)Aj dll^LtAI oAa 

LAdJ ^j-ajJaJj Clinic. IA j ^ ^^Al gA.jxn^ AjojIjJ LLi^. 1 j£^aJJj .od.lAAI l g'nlclij ^Ac. 

. A \\x xi dl^L^A A j-Ng ‘ixi <joi3l_La o^idVI ^^3 C_fl jjujj ■ Jti I Ain^ 



jl!l CliLLuiaJl j^jJI 4_jjaJi LjM&lilSl 



(atmospheric reactions where thermodynamic calculations are 
appropriate) 

dj^LiAl (_J^~i* } A- aJ^)La 4 <aLlj^^a^)A]l djLLai^Al 

^ ^jj^jjAill .^ua^l ^jj£Aj 6 JLlAI (J^fuj ^^Ic. .^jLJI j^Jall c!j!>Ic.IAj ^A ^jj£jj ^All 
cljl£^)^-aj A_J_^ 1 a 1 !j AjC .1 U^i'l AAsJjII C 5 ^J 6 d-jLjLiJi ^ ^IjA^Vl c- LjI 

AjsoD ciUAj 4^1J...JjJI ^.Ull (lightning discharge) lsj^ %) j 



N 2 (g) + 0 2 (g)^2N0(g) (10.2) 



76 



(positive free energy) oj±£ oj*. y, <alL Jclioll Aa t> j 

^k. g . <J L^jLol^ 25 C jj; ' v- 



25°C NO(g) _U » jaJI 4iUa 4.2 JH4! 

1 10.2 (Jc.li!i]l j-o 

AGl = 2AG f ° (NO) 

= 2x 86.55 kJmor 1 
=+173.1kJ mol -1 

• 2 — 4-1 (j-a A Gf (NO) 4i.jJ 



ClA^jJ ^JC. CljLlA^J JjSlj V 111 

Xic. iy^yi ^ j ^ Jc-lidSI 11 a 

C1jI_ia£ D-lic. .1^. o^ixj-a AG ** 4_i]lxJl 

• A±ui^l 

cil^)^-Q 4-jl ^ (Jj-aJ <jl ^)^J1 (j£-aj C(JII1 a]I (Jajjoj cr^' 

^Unll jki ^iuj .UjjB (2773 K) 2500°C J\ Jl^V 1 :U ^ J 

AyjaiLilll CjIjj1^_a 1I (jd'-iVi lLjULuj l^j .lie. 

^xiHl -l^jjij . (2 — k_j S ^ y AH . A qlJo-all C1 jIjjLi^-a]I^ 

is jkuj .SjljaJI jjki V AH® y (ji u^J^j ‘ (298 K) 25° C Aic. 

. -—ajjjtklj 4j..il jatl AAJ “'^V I j Qii.j^lili A/7 ? li<u3 

2773 K Jjc NO(g) ljjjSjJ liJ'j^' J # <alk!l 5.2 JH4I 

:a!5UJL AG 2 ° 773 



AG 2 ° 773 = Aff ° -r (25 “ 0 -5 -Si ) 
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2 x 90.25 kJ mol 1 - 2773 K (2x 02. 1 1 



-0.192- 0.205) kJmor 1 K 1 
= 111.2kJmor 1 

cIdIj ^ 4111.2 kJ mol ^ AjjLuiaII a Ajq\l Cy*j 



HK p ) = ^ G i- 

p RT 



, _ , -1 1 1200 J mol 1 

ln(X ) = j j 

p 8.314Jmor‘K ‘x2773K 



:-4.82 



K p =0.0080 



j 4 -LaiuJall L_bai^Jj 

(P^/P°) 2 



{ p «J p ')( p oJr') 



^21 R U>j» . >.11 ^jl S-»^V 

.101 325 Pa^jUj 



jjl jjaVI f Uiii (jjSlal! NO — SI £ j«» <u«u 6.2 Jllall 

jj jLxll w 'l ^ (jllaAjJa]l t4 ’ll jU.,NI ;.-n . XI ~ U. » a 1_^j3 

ojl^p. -S-i. P Q =1.0kPa j P N = 650kPa l&ja > >» ^ l l 

l«ag ;li3n>i (j^i I^a3 5lc.lij J3 0-, j ^ (ji (j^ajjal . 2500 C (_£jUuj 

■ P NO = 2x kPa J&j i x kPa Jc-laoll :i*j jau j=JI 

IfrL y-tj i£ . 3 j jlMI ^j^uJa K p kljla-a (JLoxIluAj 
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= 0.0080 



(2jc /101.2) 2 

((650-jc )/101.3)((1.0-jc )/l01.3) 



4x 



= 0.0080 



(650-x )(1.0-x ) 

kia5l*JI ^ .. l j wa l i i x <SC 650 kPa J (jdaljoaL 

4x 2 



650(1.0-*) 



0.0080 






4* 2 + 5.2* -5.2 = 0 
x =0.66 

: ^liis La-* . 4 x <sc 650 kPa kida jill jl ^jal jll ^ 



P N0 = 2x =1.4 kPa 



4 '1 jL, ,iVi ^_3 c jLll ' ^ . X' ^ yA 4_ijoij 



1 .4 kPa -s- 650 kPa x 10 6 ppmv = 2200 ppmv 



La >* ,llxa£l jX a . 4<a' Cj c.1^. ^aJC. 

Jjl j'XV 1 £-a V..X1 



- " '* ’ ‘ ^ <Laj.ij djI^jLijai 1 o^A i^jja dl-L-aa^) 

t jai ojLiui ^jlc. (j^a djliil*jj5U dlLojUa cilia tJliLall (JjUjoi ^Ic. - \ a 1 A clAjla, jiVI ^ 



Catalysts for the Control of Automotive Pollutants: A Symposium, sponsored by 
the Division of Industrial and Engineering Chemistry, and co-sponsored by the 
Board-Council Committee on Chemistry and Public Affairs [et al.J at the 167 th 
^Meeting of the American Chemical Society, Los Angeles, Calif., 2-4 April 1974, 
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1966 ^ jj! ^j-a) Valiant V8 tiuUlli jl jUI 

(j-a 1200ppmv ^ 2000 ^x.^uij ; Li^jiLa 

50 J !)L<^-a cil^^k^all <jl£ 1 2500 ppmv j t(J ^, 

c_fl j^)Ja ^3 clh^ 

^gic. jp Vi ( ^lill dlljllxJI ^)*>» /a (jl ^JUall ^jjai^. ^j-a . L^)LVj LL-sa^. 

l^_i£ L_jjC.^a ^ac. J .\u^l (J^-ujj " a J>A^-a diV-^fL' 

^ dll _j a^A c-l_Laj^ .a_jljJa ^}JC- djl^lc. ^] 



t ^jji^. j^iJI Pu^L <j-aLk]l CjLLj^JI ^ tillj J! S-iLkill 4_Ijl_^-a 1 n^j 

. ^plxJI 'LajJVlxt ^ya lg_^. j^)d 1 g qj^Vi j dll^jliJI Pj^jj (j^ a^A^^jJ Aj. wM 

j Jiill J! 1-^jlc- n ^Lll J4^1I Pjxai^I ^jlpiLa La" (^Lll (JIjjoiIIj 






(jja-uiSVI j ^bull 



25°C» J jaJ 4 jJ afc uJ' j3M ^ NO — !1 JjSjj 7.2 Jli-lt 

^ p 4 . .1 ~1 J ^distil dll jlc. (_j-4da j O». caII j jV'il .lluiSI ^jl 

jj£jj J] Lpy iijM 20000 jl^laj (jliall < ■ 2000 ppmv ^jldi 

.(ppb: part per billion jCl* (> ejp.) lOOppbv J O.lOOppmv d jb-y d ^ 

- ’1 1~X L_ll_ui^ AiLipa J a»~‘hj.iIj . 25 C t_£jLdi 1^*;^ aII A_^.^).J ^j! t _j-a^p3lj 

.lixuSV Ai.1^. Jj ^Ic- _} i aa j ; ^ ^ L_ll_utiJ 5.2 Jllsll ^—3 A Lmd^all 



‘"PO 



:Uas A . ja^pLall 0 jl ^p21 <d. j.j dc- 

-173100 






8.314x298 

4.73xl0~ 31 



a^)-a ^ ajliC- 



K , 



(P»o/-P') = 



K/- p ')(' , o,/- p ’) 



edited by R.F. Gould; chairman James E. McEvoy, Advannces in chemistry Series = 
(Wahington, DC: American Chemical Society, 1975). 
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(j! 21 _J 79 i^Vi^ (jliaiuJall (_£jLui4 

^Jj ^LaJI L>* 10.2 (Jc-lijll dij.1^. ^j-o ((j j) JV 

:jU 

((0.0101-2jc)/101.3) 2 



4.73x10 =- , . 

((79+jc )/101.3)((21+jc )/101.3) 

oiA ^ li»"i c 79 3> x ^4 (j-»j s 21 S> x (jl (jial jilalj 
x =5x10 3 

: 12 .Jajuull P N0 = 0.0101-2* (jVI lij2 . ^l . u (j^aljjaVI <jl (Jjjj Ia*j 

P N0 = 2.8x10 14 kPa 

q \ ^[VnJ L_4 JaiuJall (Jj j Vn 

:1.1a. xs~i jjl^yiaVl 

(2.8x10 14 kPa/l01.3kPa)xl0 9 = 3x10 7 ppbv 



llg-jLoia. AJllill £^a!I ^ U^n (j^- JJ^I .\UjA1 



c jL-didlj 



~ 2000 ppmv 
~ 100 ppbv 
~ 3xl0~ 7 ppbv 



kill jlc. ^ • 

dilute. L <ijq Vi .lx J ^3 • 

(Jc-UdSI (ja (JliiijVl du ^aJl • 



,\u^l ^j-o 1.1a. (jl ^)4 jo)J IjjljLuia. (jl 

6^14^ A-oj 3 ^9 ol^)j La 1.1A . (_£^aJl c_fl^\_x]l ^9 

(J\ .jjIjia.VI (j£LJ qa l_j jalL .lajj (k_j— 4.2 l3^j ~100ppbv ) 

. (jjl jj] I 4_lla. ^^3 AjjouII (jc. o^-a ^jLii- 0 ^ }\» q 11 (.. u*n (jl 



Ail j)lixxil ^9 bj)\ ^)aJI A_a^.i uj^ . ^\jx>lijj (JL a*i1ujI ^3 aK / dll 
^.Ixj tilli cIxj^juj j!l]l J^'qVnj to^n^ <c._^joi 4 Clinic. lilill Jj-aali j tA_Jlc. iilj^.a'1 

©j! ja. djLa^p .lie. j c ^ Lq! . a ^jLj.) a ^Liji^a^yill djLLai^JI ^jl 

CliljLai^Jl ^.JaatJ lil .Adll jdll <11^. ^3‘q^Ti V J cAjJaJ (Jc-lllll djV^*-Q cjj^ c Aj.Vix ^ 

AlLald. A ^Jill 
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(Kinetic calculations) 



, j*A\ 



1 nl-n QjfLa 10.2 ^^3 ^ 11 Jc-lioS <jl A ^ -}^xj 

Jjl ji^.1 AiUa A^. Ja i Jjljo^VI s-UjI . 3-ij^.all t fl2A_i_S\ Sj^2k .lie. 

(Jc.li!ill LoAjc. t-Ax-jjaij (jjl Jl II 4_i3l£ 

^Uaj-a-all (J^xIiuiJ lULal .4_illc. 0^)1^)^. djl^^p Aic. djljj!luiA ^ja L_J^]\j 

)U«j j>a jj ftj<u.ii>ll l^_i3 (Jc.liiij V ^1 <SL^JI c_Lk-a^l " oAa^-q" 

.AlilaJi (Jc-llill dj^At-o 

(10.2 (Jc-liill (_^u^Ix-a]I) ^Uill (Jc-liiilS ^_ijlil]l i^a (Jax-q ciulii ^Jaxj 
2NO — > N 2 (g) + 0 2 (g) (11.2) 



k 2 = 2.6xlOV (3 ' 21xl ° 4)/r m 3 mor 1 s" 1 

. k 2 = 4.3xl0 _41 m 3 mol -1 s" 1 25°C ^ t |il s J^JI ^ T 

4-LxujI ja c^Kq'i (jAt-o L_jLoi^. ^ja A xn^H d^A (JLgxIujI (j£-aJ 

J-a J x i.i Jc-llill 



ujv^ 'j u^Jj^ cr^! o&jJ^ J-^ 8.2 Jllall 

Alui^v HjLuj 100 ppbv jr>2' Ajjoij (Jj^J (jl Sjia^JI 

: mol m 3 — j I Jaiu [NO], j £ jj Jj 



[NO], 



_»_ P _ 100x10 9 xl01325Pa 
~V ~ RxT ~~ 8.314Jmor 1 KT 1 x298K 

= 4.1xKT 6 molnr 3 



(jAt-Q (jVij 



Rate=£ 2 [NO] 2 
= 7.2xl0 -52 molm 3 s _1 
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I J L y*£- .1.1^. Jc-liolt y Jal ^11 

1 

ty2 ~ k[NO], 



1 

1/2 ~ 4.3xl0 41 m mol 's 1 x4.1xl(T 6 mol m' 3 



= 5.7xl0 45 s 
= 1.8xl0 3s y 



(jl <j-aj 10~ 8 (j-Q 1 .8X 10 38 y (J jLajJ 

A_i^.UI y* Aj£J t j*y l^aluiA y^ (Jjl y^j\ c-IjjI Q-&. jjiiill .\u^l 

.11.2 JdfcJI J\ 25° C ^ 



<j j£j JIxj <_£ Jj .^Uj. 1^1 A_i2 y'A\ Jllftll 

U^* M *>*&)! c^Kq n uj[j 6 ^1^1 ^11 ^1 iil^>^-a 

^JaC.1 Ajaiij (Jc.lllllj jjli]| Lai .^Liil! J ^Lnll jjdill A_ijj^-a 

. LaLaJ ^)q'n*,)x> .^u^l ^jl 4 LaLaJ Ajai£lx-a A >jVi l-lf-all (.*' n*\ (^j-a 

^jjjIL^JI ^jjjIa C3 “'i<aj a i <jjj £-£j AJxaJI Jj^jjjjII M,^\ y&\ y q\ Jj A_ijj^)^j]| jL-ajVI 

.(2.5 



jj^Jjll ^ jJjJ Cl2}lc.lij <LaJ (jj£i <jl L_120 Ajl L5 lc. jL^ajVI (_£ ^lajj 

jA Ig-aAlj .11.2 (Jc-llill £-a (_j^1_jj11j ^jl Uai^II ^9 U^Ll 1, n\c. <jlj l^J 
jA ^Lull ^jl j\jjc.1_j . (j^. j jiiill ,\n^l ^Ij jji" Aiui^l >±£\ 

L—iLol^JI (jV j i^L.aLijJ^a_jaIl <jl (jLijj (j^aJ 6(12.2 *^-*^3^ 

: 10 6 ijA jjSI LJIj (jj^j J P NOi /P N o ‘'-^4' (J J-J 



2N0(g) + 0 2 (g) — > 2N0 2 (g) 



(12.2) 
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L-baoll ^jc. <alii-A <jjaij tilLj 

.£.ia4J <J* /iVi J C t oJLa^l (jW 4S Jl Jj V 4^ jaJ aIUI J tSUj 

^■1 u^i'l cii^La ls jr*- u^ jj™ .yu^l ^Lj t^l!Lo 

jt -(m “2.4 J^2J' j^j' ‘0.15ppmv=1.5xl0~ 5 kPa) 150ppbv 

• & 3 (P N0 )“(P 0 ) (_jjLuij (jji 4<2 j! ojjjjjoi 12.2 ijc-laill 

2.4x10 3 kPa 2 s~’ j /: 3 ajO ^ Cj 2 j 4^2 doik 23 j 

Aiui^l a«lui£V (J.lx-dl L-j\ xj. 1^. 1 n^j tClA-a^Lt-dl a^A (JLajLIujIj . 25 C -lie- 



^UH) ±uu£) S^uiSI J^L4 l^Lui^ 9.2 JlfLdl 

21 kPa (_^jLauill A \i* X>a jA ^jj^kx*>5VI )*i3t *■>! ^jl 

I J (J.lx-dl 



Rate = 2.4x10 kPa“ z s _1 (1.5x10^ kPa) z (21 kPa) 

=1.1x10 11 kPas 1 
1.1x10 n xl0 



101.3 
9.7ppbvday 1 



x 3600x24 



Vj tc_Sj^)x-dl <j^)lLo 1 \)h} Ia& JjVI a.lm£Vl (J-lx-a n»j 

^ L$^. £J^uJI 4_ilc. jLqjc-VI 

q\ L_ a jjoj . ^C_J J l — 2.4 L-jl ysiW 

I^ja .dl (jl (Jj t(Jc.liu]t l^A ^9 4 _LoAI C1i1Axu£^a]I ^jj£1 

c ^jVl jj^j (ROO) peroxy radicals Jl jj^j (0 3 ) 

jjJI ^1 j jaJl gJU-JI ^4*^11 ^ ^ j-JI t(RO* ) oxy radicals 
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AaL*JI Ax Aiui^l S-LuiSll ^9 ^_uiiJ^)ll 

•C5^ 



ROO* + NO — > RO + NCh 



(13.2) 



_JJ^. C . 1U*1) A \X i.s-i (Jc-liilll jA A CIAjIajJ^H (jj 

.LJlc. 4_9 j^)*_a]I jlL J S^IxIaII Ajj^Jl lA^jj^l jl L-UjoiJj ^jVlj 



^V ajS^^JI a j^j aIjj diljljai^JI JU*lJ (_j£-aa]I jA 3.2 4 u *ij aJ^lIaII 

A jajoII CAjLaiaJli . Ic. jjjJj jj^I A_i£^pJl ClihLuiaJI q\ VI tAj^^. AjjIjaj^ SjjjJjoi 
.JaVi ^^ic. ^aaSI L5 Ac. iAlLLk La 121c. j 



(Photochemical reactions) Ajj La^ I 

.llu^l Jj l^jlc. ^gjlj l^J i^Kfrn ^l21 qJ\ ljj^)^J lil 

cillj jA (jl ^g-A Ajj^JI t— Lyic-lijil bjiAA A \>.s-i\s± 1 ng -n! j j^i2l 

AjjolaaaII^ A j a am 3-a ‘latA^g^ll AsLLal! ^al iaI ^j! . Lij jjJa Ljj\ \a f\ L j^a ^jajJsjj 

(JoI^aII ^rjg'n . A m a Clinic, lij J)jq V^l ^9 ^uLi^l O -0 (&*^- c ' 

■ Vnj^ .l^_jjj£j jl Jajl j^)ll dll (Jq t>*\ Ia ILAj 6^^-lc.l AaUa A. IL^. ^Jj (J?Vnl 

I J ^j\,jaj 5\I Jc-liill ^9 ^jVl o (J jajj 

XY + hv XY* u-L^I (14.2) 

ji 

AlU. ^.Ic. A-^V -2 ^ (_£ Aj£aI ^ 9 j LaA Aa^ 2 I (JaxILoU 

I (JjjS jA A 2“^ a Clil^LoiA i4\jan j\ (_j£aj ^_^kl dj^lc.lij A9LL2I £-±aj • A •Njg*iA 

XY* — > X+Y A& (15.2) 
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y 



d 2 /lc-li 2 * — >£Cjl^j 



(16.2) 
XY* + 



* aJJ jIAi <_£a1 I Jc.Ul111 (Ja*-<JI CIajIj A.W'nj 

: 17.2 ^3 a\ l~ix a oAaj i k (_£^)I^)^JI (jAx-dl dulii ^ja 



/=£AM.^ (17.2) 

AjljoiI diL^.^ (J! ^ *.s-x°\^\j ^jA^I ^jvlfLoj X<2 J )q 66^1 a*JI oAA ^ 

(j-a^)VI ^-la-uj ^^Ic. ^jljlA ^jLujj t^llldl (J-lluj ^^ic. . (Jc-llill ^^3 <LklA]l 

CjL^^q Jljial J] A2 aj (jl JU-dl Ia& jjl jIa ^jlj 800 J 300 

(Jl ^Jal (JL^-o ^glc. ^-^jdl {£ 1 dll ^JaIaII Adxj j . jjl ^Loill ^)* **al 

a J^j ^(radiative flux) ^U^VI vlUJ 7 Jldj .JcAiSlI <1 vIa]| dA^dl 

ic. ^LajaVI jjJa^-o £(_£_y^JI S^jALg ^jC. ^xj ^aJI ^j^L-aliA^U ^gji_iJa^)x]l ^JaLdl 

quantum V* ^ (j) j <3^1 jaII ajS ^ ^a 3I ^ jill ^}-o Ud] ^al j>«V iaI 
j 15.2 ^ja u^* -0 3_*_iJaLvII djlli^y^JI aac. 4_iuij t yield 

.4 j^ViaaII ^IxdVI dllla£ AAC. 16.2 



^jLaU t^LdA^I ^“^da^-a Ajj-aiLdl (Jc.lili]l ^gJI ^gal i^V iaI d iW (_£AjjJ 1 a‘i 1"\ 

dll _jlc. ellLaAl ks^\W A jaxj.il jj Aj^iillj A -Njg a\\ jj^Ua.V I A a Vi LaA^C. j . A^.1 ^11 (J) 3_aj3 

t ( 1 9.2 cjc.li!lll) 1 $ > ngM ij jdl dild ja>. ^gJI l^aUa Jib jl (18.2 cjc.liill) M (_£ jdl 

.Id*. o^iV-a (j) 3_aj 3 t£_ujlj (jdaj ^gAc. (Jj-a^-i La lAAj 



X Y* +M -> X Y+M + AiUa 



^ (18.2) 



XY +AB —> XY+AB" 



jUjjadl (jjj LuS AiUa Jaj (19.2) 
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LoAic- A^.1^1 ^ja ^>j£I UJ^ Aaaja^II 4_i^.LijVI (jl (^^)^Vl 4-3 j1via1I aJL^JIj 

. C1lXc.Ia!a]I ^ja <LaiLai ^_£Ajj ^aII ^Ia^VI (JA 4-L>iLuj ^t-i^liA Aj^j ^gSlu 

^iAxjj^Jj jlill ^3 (^Jj-a^-j ^ill 4 _aI^J| 4_aj jjJall AjjLiaj^II tlilc-liaSI A^l j 

•U^ JJ^ll Adjani 



N0 2 + /iv — > NO + O 



(20.2) 



AiljJaJ .(0( 3 P)) LjjaJI yi_^JI ^k (Jc.\iil]l Iaa gjUIl ^ja 3I (jjfLjj 

Iaa j 4(jjjjVl Alljjl <_S-^L>?^ (jj>.u^Sn £-a (Jc-lill 0( 3 P) (jl JjSlI jJaJ a!llj Jl 

Axqj)^ 1I 4_i^,LijV I AaIxj j . jlill (Jiujl ^3 j I Ail_jol ^»Lg_ll A)-\ j^\\ jLoiaII 

^-IxjujVI 4^.ja (J^la CS^" 20.2 (Jc-llill (> ^3 ^JjjJall ciL£iil]l ^ic. 4 -ajIaII 

cjIa ^jig-ill (j-« l_jja11j) 360nm>^ J^l l>° 1 c^jI-aj (_^aj c ^ * *> j ^ i * a j^^ll 

. 440 nm > X, a^c. ^Jj 1 g *^1 t ( ^j^aII l qjJ-all ^ja a 21*]I A3Uall 

(_£ ^LujJ ^All ^1 -XjAjVIj o^^JjaSI Aaj^UI UaII AsUall (j)l (J ^ii]l ^jLudll (Ja^ 

: — j (Jc.liill (Jax-q . 400 nm aii^ja Jjla 



Rate =/j [N0 2 ] 

AiUa ^gic. f ^ ^jjjJall ^gjl Jaj^II JjVI Ajj_ja1I (Ja*a CIdIj Aajxj caLix_a]1£j 

jfj ^aj c ^jji^ j jiiill Ajjoi^l ^Lil aJL^. .Ajl^ll ^-L*_ujVI 4-^. j* 

.(JJll ^k jk^Wj cajAjoJI ^jiajoJI cii^j 5.6x10 s (Jaj 



Aja22I (J^oauJI f ja£ di^j ajxm£I ^JuI t i,nVifl jac- 10.2 JLaaII 



h/2 ^ n ^// 1 

ty 2 = 0.693/(5.6xKr 3 s -1 ) 
= 124 s 



120 ^_jaaAi]I 






A ^jj^jjiiill Aauj^I ^j-aLkil C Qfc^a'ill jaC. ^jj (_$\ 

.^J^ui ^Jjjall jjl (Jaj La IaAj 
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13.2 Jc-Uoll ^ IIjLuj !■»* .\u,<;i ^jlj ^Kq“i jj 

58 * c 

L_li£jo3lj <L^aL^Jl AILLaII ^LiJl .Axj^}ja ajjjJjuj lx>ijl (JIaJ 

I cilLl g'uAiVI^ Ai] Jc-lij ( JAxa gIjLolaj <■ j Aj^LuJl aIL^JL 

(20.2 Jclfill) = (13.2 Jc-liGM) aJJI 

^ 2 [roo*][no]=/,[no 2 ] 



I (j^5L 1 a] 



[N0 2 ] £ 2 [roo.] 



[NO] 



/ 1 



Clulij jA k 2 c)j 4 UJJJ^ J-J ^ja l_i£ ja ROO (jl 
JJ JJjill Alua^l ^j\j ^ ^ ^^Ixa!! JA^J tCljVL^Jl ^ . (c_l£^)A JAxa 

CIl^j 0 xs~i Aaj2 <ja c. ' < aV‘iVi (jl (j^AJj tlxj^ui ^kn Ajjaj ^A j t (jj^. j joa 1I Aiui£l 

. Jill ^^3 a_j. ia£ Aaj3 f \ Cjjfi'i. ^ ^ ^JaL-21 ^ixulll 

Clinic. lij c-Liaj^II A_iaAI jlil ol i\ax*u*iI (_£a 3I (JLla]l ^>jjxj 

Clinic, llili j)A ^jjj£ Aaj . ^Jl ^3 ( ^JI Clinic, lilll aIjaI j}A Ia^Ij ^iSjai^jj^jll 

Ajj *IiaA]| q \ A^J 4A£j 3 La j jj! jluJI J! Jc-LM lj£^)^j £_aj *(_£^)^VI 

A^Uall Jlxll ^)aajoi]I AxjaI t, <ajLa ^)3 jj J] 3^xj I^A (jl ^ijJal J L>°J .A^aAI ^Jc-I ^ u«o i 
cila£id]| £r u«oj cilljA . s.l^JI (jA JLiJI Ajjoi (_£^ixJI ^Jl ^^3 LLLuj (J«o"iaj (_£a!I 
(jj^. j^illl j ^Lnll (jj^m^f 1 JaS (j-Q J^l cAJUII JajJI AiUa Clllj C1 AjjJ>^ 1] ^jjjJall 

.0 jlc. 0 j<n*iA (jj£j CIiIjaIIj Cliljj^j^JI (jjjlj Jj AiLjaj 1 i^aa c^jIajII 

^a^ij L-L-a^l t \/2 ^ ‘ ii "* 0 ' 1 ^ cJ-^^Luij tlljLuj Lai ^3jj 

(Jj^j L_L^a j A-aj j . AjjI_1aj£ 11 I cil j \ j*h Aj£j^JI La^ic. 

j-aaJI Ljajl ^i) residence time t daj£J aIV^j Jo*j AjLla 

Clij^J A^^xILolaII SAaII (JIai 1 1/2 u’ J J • J^iill J UUa'jo (^ jaJI 

ly/ e Jj Jj-^Vl I^jUSI (j^'s n oAa]| JIaj ^ ^jli tjc.liiill c L^o'i 

t Jj^/| Ajj^aII Aauj jl JjVl ‘Ljj^aII Clinic. lij Laj3 . A jL«V^i A-aJi ^ja (%37) 

. (J^xaII CLijIj c_j^iiA C1 j^£a]I 0 Aa ^jLaj 
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A-gIa Aj^^. Cj Aaj tAi^lLdl Aj^) 1^)^J1 Clinic- liill ^Jj AiLjal 4.2 4 j* *ij i^ll 4^ifr ill 

£-a AjljujI AiiLLa . Lil^ jl A_iJjjJa AjjI \A'f\ Lgjlj L_L-ajJ 

.^_£ ^k A_iaAI jj£1 AjjjjJoII *1^1 ^u/i"i 111 j 



(Free radical reactions) 



jaJI j-iaJi 



^k ^^Ull A_uI_iaj£ 11 daljj^iuJI lg_j c. ^ill AjuAja^\ A-axJI 

2 ^ 

. Cli3lc>lli]l (j-o ^jjj£ C5^ t_£J tiljLoiJ Aij^kll 

^ja AjaaI ^jj£ 1 ^A La 1 g ni ^ja ^ull^.1 ^ja A qL^a lc.1 ^jl L$^y Sjj^j 

^ I J j£ij I J j>a j^-kj jxa ja j t(*OH ) hydroxyl 

(jc. t, AjL^-aII Ju^jj^I qj£Lj . A-Ij\ ).gftll C_fi3lxJl dj^lc-llil lllujljj 

^k (a^UI ^Lixu£ ^ a_iaaVI ^1131 OH IjiL* 1 L)j)^3ia'1 jj^JI (jjJ 

(j-ojJajj) dll jk^ll A_iC.\j^) S^j^ijai A_iaAI Ia ^j! V] ;Ar.jJd-a (JjLuj^j 



(JJJJjda ^d^Li-ad 



N0 2 + /iv -> NO + O 


(20.2) 


0 + 0, + M ^ 0 2 + M 


(21.2) 



A-ilJ jdol " Clillj ^jol^." ^^ic. 0 2 II j O II JiLdjl iA^m 6 jk-v'l ^k 

J£l LaA ^lilll j ^3-iiII (j^jjdll u' J] *21.2 (Jc.li!ill ^ M — j 

: til L ^j-o I ^.1 j o jlc. d3lii]l ^joi^JI u 4 I ^ j I 



^^A j • ( a! 3^ jl OJJ&l ^j-Ic. l 5 j" 1 ^" 1 d lllj^a. jl dll^p ^A a^aJl ^Jj-iaJl 

jl _j2i^Jl 3^^) l 3_A ( * ) AlakL ^jJi^JI t — ia a .S^lc> (Jc-lioll SJljAxjj 

jjiill JLUjo^I ^Ic. (jjizL . j )\ 6 Jill a*j d_ll (j! ^k J .Afjlzk, 

diljjjj^iyi tUlm^l tlijli 4o^_)ilQ djlj LS lc. (CIO) jl |^ia 

.(Jc.\i!ill ^k A-laajlIq dijl^ 131 V] CjU£^>a 11 (^iij dS^XLa ^gk aJ^)iLiJl 

89 




( 22 . 2 ) 



o 3 +/iv^o;+o* 

O +H 2 0 —> 2*0H (23.2) 

LijJI Ailiall 4_ll^. ^^3 2jJ> AJil ^l ^A 20.2 ^3 -1 ]j1a]I 2jJ>**i5VI 2j) 

> 22.2 JdI£1 I ^ iji-ll a^SV! J ^ <(0( 3 P)) J 

tJjVl Jc-liill ^ .(O('D) ) singlet .ijjall ^> > ^ *^1 jl a^j^LoII aJL^JI rj±^£\ 

^Jl jaj^II CIijIj 4-<u3 (Jx J <LiSl£ <sUa ( J^JI JI>a'I ^3 ^LljoJ Jjj 

AiUall Jlc. 1 j-naaiVij J Lc-Ijljjo) c > tDVn ^jISJI (Jc.\i!ill ^jl {j^ J co^nS f J ja^iII 

2^J^ (jj&y*. jJ\ aJJaII 5JlaJI dili cjI ji .(325 nm> A,) 

12a ^usljj Lo j .23.2 (Jc-Liill liisj tdl2j ^(^Jc.) (Jc.Uj11j J-'^j.j-JI 

2)-° «lj_J CjIjj^ijuj ^A (Jc.\i!ill 

O h +M^O + M + ^j-^U- (24.2) 

2^ jjaillj JU21I ^> ** *5 ^1) M (jAi^VI 2>° 6 j3j Jl I Jajj 

4_iaja£ 4_i^.\lij| Jl 12a (_£3jJj c<ljg Aril 24.2 (Jc.li!ill cel ^Jl J (Jl.. JUSII 

.23.2 (Jc.lij]l J 4 t^iqViA (j) 

2)li c J^)*jl 4_ilc.lij]| 4* n)-»ll j 'iaII ^j£J]I Jl I Jaj j 

4 Aj'qt diV^2l 2>° ls^ JjIj jjjoia 2j' ^] a^iII ^ja2j ^La^j^I^jj 

sjjAII ^jSII ^sjj t j jjII (jx t_i*£-2l j'^nuu'l ^a lxlO 7 j 5xl0 3 (Jjj 

fl.li.l411 J^La'll^ll J j3lll ^_S J c 4 . >.qA : XI ^pa^jxll 2a '2-s ^ <iil^]l dllc.lij^)Vl -l4£- 

^_3 2x1 (/’ a jl lLa ^Jajoij J)j2^)j i ja t Aj jl JlaII ^laLlaH ^a j .dl^lill 

AjLlsII 3 . - l '^jj 3 H j j] ^ J)j3 jj ^lill 34 ^*2 3 ] • '2 1 

.24.2 3“. 20.2 1 — 3lc.liolU 31 *^ 



F. L. Elsele and J. K. Bradshaw, “The Elusive Hydroxyl Radical: Measuring OH 3 
in the Atmosphere,” Analytical Chemistry, vol. 65, no. 21 (1993), pp. 927A-39A. 
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I^_i3 ^21 Ac. j TiaB ajj^JI C2>lc.li2l ^j-o ^xj Lxus 

iIaA Aj^B A_l22I ^ja (j2c.lij 


i$ JA Ajxji 

(jl Vj . 


•OH + CO ^•H + C0 2 


(25.2) 


•OH+ CH 4 -> .CH 3 + H 2 0 


(26.2) 


. JAiaB jia. j& *CH 3 j jA *H 


^ia^. ^ja %30 j %70 j ,^uai^ 1 (Jjl ^a dL>lc.U2l (^aj 

t^j2cli2l (JJ^A $.IjjI ^^3 . dl^La ^iC. ^3 _j^^, ^^jAjJajj jA\ Clj^lc. liiill 

*^_3 -q J! ( cJ.j\^B j (Jc.li2l ^U^.1 qj£jj 

I Jcllill ^JA 


.h+o 2 +m->hoo+m 


(27.2) 


•CH 3 + 0 2 + M ^ CH 3 0O + M 


(28.2) 



jjjj jia. CH 3 0O j thedroperoxyl ^LJI jia. ja HOO 

alii j L2 liaj aaIa £j\±x£y* gpl jj .peroxymethyle J/n*B 

.(13.2 (Jc.lilil) .^UaI^I 0 Ajaj£l a1L^. ^3 

121c. 4 j2uB ^ U^a <ja jl A \x\\h Ajjlc Cllljlxjjl I_£_i3 C 5 ^J 

c. qj'u*o'i (j^AJj . ^IjA^a ^3 Ja^^-La C5^ C> d I a 

c!_L>lc.li21 l^JliLoj (jA^. jj^JI a2s ^^a (JjVI AliB *(j^2a Cj^lc.li2l cilij a 

*(30.2 cjc.\i!illj j-q j (29.2 (Jc.li2IJ ^j2jj]1 ^a 



.oh + <0^ch 3 -> 0- ch 2 +h 2 o 



( 29 . 2 ) 



(30.2) 



•OH + HCHO -» HC = O + H 2 0 



Mr. 1 q'M a j j 2 4^j11iia]| £-a 2 r - ’ MU 4_jl_ioui o»J ^ M. c 

j 31.2 (jjlc.li!lll jljc. ( _ s ic. (jj^uSVI £-o Li^ajl iJc-Ujjj 30.2 j 29.2 (j2c.Uj]l ^ 

: ( _ r , oi£ jjjJ I (jjSjl 32.2 



O^CH 2+ 0 2 ^ <gHCH 2 -0-0. (31.2) 



hc=o+o 2 ^HOO* +CO 



(32.2) 



Jja J 2ajl^) [J^yLi. i^y i AiLjaV^ clinic. liill (j-a Ajill j 

.(35.2 Jc-lioll) (33.2 (Jc.li!lll) (jlijVI £-a lIl^Lc-UjII 



^jjic.lid]!) Jj - -MV 1 A al . >>l ^ <jaU-ial dLylc-lij <LyiLai o^lc. aJjj-lM a.li.1^. 



:(36.2 j 34.2 



•OH + H 2 C=CH 2 -^H 2 C-CH 2 OH (33.2) 

• CH 2 OH 

H,C-CH,0H+0 2 -> I (34.2) 

H 2 C-0-0* 




(35.2) 

(36.2) 
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ciiL j-a j .A xJnqd'iA jj£l jL ^^Jl ^^9 4jjda*JI ^jd^VI j-a 

f *£ 

dl_ijL<u£j c^cjaifljll d9 ^^9 jl 4_i^. dlj^aMA o^)Ax-aJ Lada jA j& La ^^LdVI 

jA jAj (_£^)_J^VI J^^l jl jd.1 jA (_£ ^^Jl c_£>Ll 1I ^9 jHad o Jj. WaV 

jA C‘ )x n'l l^_j\i t^dlxal! oJ_^.^-a]l AjjjJa*JI (_jjjl_d.VI jd. . A-iC -\ , u^ill dll j^idl 

* 

J&\ A 'i^aa'I AjjIjaj^B dj^lc-llill j . e-Ldll ^ JajLIxjjj Ac. jl 1a A-ix-nla j 4jn^jS j ja 
jdVnj I .id Igda LdlLa Id^C- jl VI iLiJajI 6 ^ j.Wa ^JAC. dLjjl,Aj^ll ad I_£_a 9 j^d'u 
o jLd\l jm‘i tdVLdl jA ^jj!a£ cs^J .(_£^)dVI _jj.l^JI (j-^l-dl jl (Jjjui£j^.lgJ! ^ La j^A 
jill dL (Jaa 9 jA jjlxa jAjJad La did ^Aj cLaLaj Aaj^a d_i^>\_C- Lalli\ &La jA ^JjVI 
La La1Lc.j .ciKdl l_jLui^ jA j^>A \ Ljajl a_jkj ± a dV^dl dul yj . LaIa^)^ 

i"u*nl ^Ig-ill tiKiiill Jl Jl j£a jll dLJVI J L*. jda J (JSI AJllill (Jc.lij]| dll Jad jj£j 



A^aC-HuS A.jll jdft SjL* *LLu2^j J-lua£jj- 1JI jd^ 
(The hydroxyl radical as an industrial chemical) 



lg_j3 jaxdaiJ dlinlaj c \i.si\ ^jll ^jjJaaIJ jA ^^C. S^idVI 4_jjVI Aaj jl£ 

I La j . s-Loll 1 c-l^-il ^3 A ^{dll 4_l^daxJI dLJ a f\W ^jja.ViI 1 ..Lad j^a ( > _jj-ud^^Ag-ll _J-^ 

l^gJ JLoJI JLaaIIj .did jA^jdj 4-oj^La <3jJaA j.laJI .IaIjJ Jc- Ij^li jjdi (jl t ». ilLi n 

(JLadlujlj 4_A3^aJI aLi-all jA di Jill ^1 jl 4 _aIsj J S^idV! dll jj^-a'ill J ^ \d*n jjjdill 

^)jiAd]l <Jtdl Jaldill Aax . j ^3l£-a ^Ja3 (j£d dl .^^Jjdall jddll 

i^y^- 1 1 -0 L5^ (j+i^a* a ^ jdl!ln]| .\u,<;i j-o (J^lj L Qx^ii ji^-A ^9 Ia jj^ jj j 

A ; mij-lll t3_9^ AjlJoVI ^ ^ j. ^ Jjt_2j . A_Lo dllj cLoll j v i ^Jj 4 A , >. 

jjli ■ ’Kq'i i t l^il Jxi-a]! ^ _'•* i S'W ^3 a3 ca]1 

Aajoi^I ^-jUj Jilj - q ■ ^a j ^Jaxj LaAic. t^llj ^£jj .a ■ . a jjt j jaA 

AJaUll jlki valence band (vb) jal£jll jlkj ^ Sj ja. ajU jjlill ^ jjjdijll 



Joseph Haggin, “Current Directions of Research on Solar Energy Look 4 
Promising,” Chemical and Engineering News, vol. 70 (1992), pp. 25-28. 
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j j *121 Cilljp. 4 j 3 idjLijj dux. conduction band (cb) 

I ~ ALjUl 1^3 j 


TiO ? + hv — > electron (cb) + h + vb 


(37.2) 


h + vb + OH -A* OH 


(38.2) 


h + vb + H 2 0^«OH + H + 


(39.2) 


electron (cb) + 0 2 — > 0 2 


(40.2) 


electron (cb) + h + vb — > heat 


(41.2) 



4 jal£jll (jliaj h vb 4 & 3 A Jtliill ALoiLoj ^3 

•superoxide cjjjUll I jjJ y Oi j 4423121 jjUaj Ciljjj&ll electron (cb) 

■ \U ll5l ^Jajuj 4 _^.Luiaj _jj^. -liljJ li£ Aa1*j j 



CIAj^^aIS ^Ac. ^-SUall AjILxJI ^)j^Jl uAi*!\ L Qx^'n j 

(j3^J Ixjail ^11 tglili-al Cy*j Ca^g'n+ixAl 

^ &JlA\ gjl jj \J .perchloroethylene u^Vl ajjjKjjj trichloroethylene 

3* >j 4JI3] .c-Lall ^.LaIIj ,\u„<;i 

.liu^l ^jIj U-J^" 3 L5^] tiAj 6 5 ^CJa^A^ (J-ohtJ 1 s-Loll 

ji 

3xx£j^) 3A Alajail ji pH— V d* 7~ e-Ldl AjJa jxx. (J^xj 4^-lxxuVI 3 xjj 4(_£ jlc. 

.1x4 cdd! i^y* ^)!i] 400000 4 fldaxi o3£J jj^aJ . ^^J3^jxa]l 



4 Aj^xJI CLL^lc-laill (j x jjj£. ^3 ' ^ 1jj 3 o^iJI jj3xJI (_^3 jj 5.2 A j< oj i jll 4ja&di 

. <xxU! a3& (_jx Ig-aAl xxixJI A^j ijxx^ j j_lx 3 xjj 



R. Vendkatadri and R. Peters, “Chemical Oxidation Technologies: Ultraviolet 5 
Light/Hydrogen Peroxide, Fenton’s Reagent and Titanium Dioxide Assisted 
Photocatalysis,” Hazardous Waste and Hazardous Materials, vol. 10, no. 107 
(1993). 
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.%20.98 ^ — 1 

• 25°C j P° = 101325Pa= l.OOatm sac gm d j molL 1 — j 
^ mol m ) L .lie. ^ L* * 1 — 1 * — 2 

^,"i,d_;3 |jjj kijlLall Lo V^- lij j v il lilljl Sac. - XVI 

V j-. ^ Sac- ^jIaaSj (jjjjSjal! (jjilA 

60 j 15 sjaa L<u3 'j jjq . ■ . ,\\ La 3 



<■ _ i 50ppbv (_ 5 jLuj eiijLd Ljid if ~4 

. molecules m 3 j mg m _j Ij-ild ojj£ jj 
(Jj! %1.8 ali-Lo A. : \x nx>\l (jl (jjjj — 5 

^jc. . 65 C (_ £jLujJ 6^)1^)^. AdC. 

. gm _3 cijl ^.1 j] 1 _j 

(ajjUI) ^.LaII U-J^ 2.8 (JLa*i1ujIj — 6 

4_iLal jxj ^jUa-ol lg_i3 4-^-C- 



ClAjVj^ c(%92 (_£jLujJ 4 juaill c36°C IS 
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^jLaU A j u j.i ill 6 — 8 C (_ £jLujJ A-ifLi^oVl o. W"’i < q 11 

.(%24 

,\u,<;i c^Kq't Alalia ^IxjujV ^.-alacVl (J^la 4 u*i^l 

( 3^U1 CljliLlJ (J^aMjgll ?£-lxjalVl 1 ^A l_£U3 jJJ ^Jl J^iaLla Lo .(NO) 

.2 -m 

* 

4 ^I'lliL^il (Jj3 ^jliJI ' i * ^* Q j ^ Ui ,'j\' AiLiiJI ^_laxj 

lii^'jJlj (mean free path S mlp 0 -^ 31 jl^J) 



-7 



^ V2P, 



'o„ 



^LqjouI^j CIdIj k j 6 (Pci) -laxjJall jA P j fc(K) A^-J^ ^A T 

(Jaia j* a c j ‘1.38x10 23 JK ^jU^ Boltzmann’s constant 

^jLuiaII L_Lud^.l .(m ) ^jLja^)x]l ^^L^alill 

. jjijaj jj! jluJl AjI^-J .lic-j t(P ? 25 C) ^Jajoi ^lull ^jjU! 

ij^x-o a^U ^j-o I^a (»Vj . 0.43 nm c c < -<u3 ^jLujj 

? ^jjxjJa^-all tiljjj ^^9 <_£^jlxll ^j^Iall 

(I) :ciL£ij] ^Ixjjj^U ^^JaC-Vl (J ^ia L_Lal^.l — 9 

•l 3J^ -<^£11 e-ijj^j (s-j) 

J^-9 jlc. ^lijuJjjl jluJl ^ ,\UjA 1 ^Ij — 10 

djI^jl^jAl l -0 lAAj i" t Vt AxjoiVI 

^ U .carbon-oxygen stretching vibrations ialkLd 

l^_j Aj^Vq^ll (J) <3lJa]l^ (s ) j (jam) CjU. j*1\ (Jl^lal CLl^l a 

?^gal AS-i\x^\ 



Jaj^)l! CljliUa ^^Ic. ^9 C1sIj£_^a] 1 .LoixJ — 1 1 

ClllijUa L_Lud^.l c2 — 4-1 CjUlu (JLaxIioiIj . ClAjJ^^Jl <1 c.1_9!1a]| 
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Aj u * ii I I aja^j a_i*j HBr(g) j HCl(g) j HF(g) ^ Jajjll 

. l_i£^>a (J£ ^9 halogen ciil^jA] A-Jal j*wl cialjlj^k (JaxII ^Ic. 



if jIi^-aII ^)A*j 3 — 4-1 (3 ^-Ia11 ^9 aJj.WaII AiUa ClAjLiJ (JaxJjujI — 12 

.^jIIiiaIIj j}ixA j j^-11 ^a^. L$J^ (Jc-liii] 

?A_i]lli]l AjjaJI oJ ^^.^ aII ^)jA^Jl CJ-^ l-Q — 13 

OH, 0 3 , Cl, CIO, CO, NO, N 2 0, NO“ , N 2 0 5 

> 

^g-n-o 3^.1^ if i a^lc. ^ NO ? — 11 ^jVl A^^Ji (Jaxa CIijIj Aaa 3 ClijAS — 14 

. Aj^^A dAa L-bol^i . 1 .28 h J 



CjlAaJ j Ia 3 C-laiuJal] Pa J L ^ (J.1 xa 11 ^jC. J1C- li! — 15 

^^>UI (J-jjVill (J-'alC' L_Loi^,l ?^ 3 J & ? 4511511 j A_ijlii]| Ajj^aII ^ja (J^xaII 

©A^.^11 Ja*^ ^j3 (JJJ^j^AaI! (jjjA^. ^1! k 2 

.Jajujali atm j Jy^jill molecule per cm 3 



Jc-lijll ^ -16 

N0 + 0 3 — > N0 2 + 0 2 

1.8xlCT 14 molecule _1 cm 3 s _1 ajjIjII ajjjAI cAj 4_*A ^jlc 

<_s jVj^j j 1 0. lOppbv Ufuii 1 - %laj js. NO — II . 25°C .lie. 

Cil.is._jj jjjjSjjll jjiA <_bas.l .15ppbv 0 3 — II jjSj^ 

cl^s.j JUuCjIj NO —II sc£l Jjixji l-lujs. 1 . molecule per cm 3 
<*£> j jCj Jax^ll j jjla jc. jjj*j!I • molecule cm _J j£ Jill 

. ^aII ^ AjJ^)a 1I Aj-uj (JAxa Clljlj L_Lut^,l J i iS^S^ ^ AjJ^)a]I 

Jc-liollj Aj-aLiJl Arrhenius i^ cs^^' ca m a a^^p Aic. — 17 



•oh+h 2 ^h 2 o+*h 

• A =8xl0 10 s” 1 ,£' fl =42kJmor 1 l» 
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jLulJ ^9 _J.^ u' 

uual i530ppbv L$j^ H 2 —11 j^jj Jj 1 7x10" molecules cm 
.(Jclioll Ia$J ( molecule cm 3 s ^l^jlL.) Jcliall Ja*^ 



Jftliall (jjljjll clljVj a a A (_g jLujj — 18 



N 2 0 4 -> 2N0 2 

^ ■joiU a ll ,_5jl_pJI ijj^il\ jj*j ^jjLolij 1 25°C Jjc. K c =4.65x10 Lmol 1 
jluu j=>. ^ jjljjll SJLa. N,0 4 — II jjSja *■ . u “^ ' -AH ° = +57 kJ (jalj^ll 

aIajj (J& 3 ‘ojlj^JI CiaIajI IaI . 200 pgm 3 NO, — 11 ajs 

1 ^Jtah~Ju i a^jjoo 4jl ^1 N,0 4 1 jjSjJill 

« 6 C 

dljlj £-<a l V'j ^^jIAaII ^^Jl (Jjx.nS j^A^JI ^jA^. ^jl ^jAa^jjal “19 

jAj . H-,0 j 0 3 (_f jjSjA £*°J 4 O * — II (jJjSlil O 3 — 1 ^jt^i'l 4 j hSq"ill Ja*-g 

j* C ch 4 J ‘COJjSjj ja C co .(C co+ 0.03xC ch J ^ U^c. sj^ljii 

o^A ^JaxIiujI UjO lg_L-a^J ^jc. t CH^ 

c_a jj-ojJa (jjj^jlA^i A-njoiill 3.. 1 ‘ ‘■‘‘'■J j M H _)j^ljAJ )7'll ■ " 'I ^ ^^jqII 



25-20 


30-25 


( C ) *lj$JI s j! j^. C*. jj 


50-25 


75-50 


(%) jajill AJUOJ 


19 


10 


0 3 (ppbv) 


20 


25 < 


H 2 0 (kPa) 


50 


38 


CO (ppbv) 


1580 


1560 


CH 4 (ppmv) 


0.68 


1.3 


J (0 3 ) (s"‘) 



H. Rodhe and R. Herrera, Acidification in Tropical Countries (Scope 36), John 6 
Wiley and Sons, Chichester; 1988. 
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(Stratospheric Chemistry-Ozone) 






jjl LS^ c3^' * 

ClsljjJ! (JjjjVi *. t j3 • 

clAA • 

4 jxj (J^c-IaaII (JjULq aj^I (J^c-LiaII • 



II . . VM **Ml 

UJJJ 3 ' Mj 3 - 1 



jjL-j j\JuA ojjji 1.3 

(Concern about stratospheric ozone) 

^ic. L-jUSlI IjlA ^ (J 1 g.ljAj^l tiixd jJ ^ 

a ^jaull (jfinxj C n^t. i^ja cil]^ ^Ic. c5^ ^La^ao jjijai jjj j!i]l 

Lljl (.** ^JA »1 V'Vu J C I LaI ol j^kll djI^JJ^luJ 
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^iLuj jj| j!LaB ^3 jliJl jl Jj lilli 3jXJj • jjljfiujB *IiaA 1 ValgJI C_jj| ^Jl 

(J JJt-Lo AxJ J . 1 ^gi] (JAAjaB <*_ioll jlAj (JA Vi ^J^il ^)A J 

l£Lk 4cil]j ^Jl L-fll x^nj .aLliJl AjAVj ^3 IaIa ^Lolc. ^aVI j ^£* jj\\ .\iaViB 



<jl cAj^joo]! vla-udj^lj ^jjIjj <jl (jjAj S^iaaB 1 g*’ix Ail _jljk-aj ^3 ^aIujj ^!iB 1 g x Vi (^uajaII 

. ^uiJI lg_J ^ jSJ ^jB 4_lajAj!yU LauJ I JJxL Cj' lA - 4 ^ jjl jluiB All ll jlc. jjlj _jl aLo 



^Jajoi ^jVWVl c-IaLiBj ^j-jJjljAj^B SjIja. S^j^jJa (JaI£lB L-UuiB ^A lAAj 

. ^lijai jjl ^luill £. 1 _iaj£ (jC. A^^xaB <_paxj 



^Jajoj 50 j 15 AjlSI ^B VJa 1 aB jA ^iiuj iJjljfluiB 

4£^3 (_£.iB ^iijjj j^jjaB j Vi Vi (_£.iB jqxxi^Jj^pB (jA ^) Vi i ^A^ .^1.2 (J^-aB^ (jla^Vl 

-B-pjlj AlAjj 4 j3 V^.jA (jj (_^l tViS ojl^VI oLVl ^jjjI^xjIj 

t j^jjB J .&^)l^)llujl ^gij (_£ljjJj (_£^jl^)^B (Ja^B j)A (JBLi Ia lAAj 

Jlxll ^\ju5i)}\ j£] c<! (jluVjB jjlj ijSaII Iaa ^ISB ^jj>xj.i^Vi j ^USII (jj^jjaiB 

VL>lc.lij ^Jj t(j)^ a^L/ 1 (j^ajx^a VI 4_^.j ^glc. j l (jjjUB j)jAA L_J^)jJaJ (_£AB AsUaB 

. (jia^jV I ^Jajoi j}A l_j^)VIj ^Jx^iVi < gjB dill (jc. c. <j\*iVi Ajj\ jaj^ 

jlc- jA (JjjjVI . 4VV"i j (jjjjVI 1 1 \f\j£n ViaAI Clj!)lc.llill oAA ^'x'ij 

15 ^ja .V*1A*1 Vjlc.lijjl Ale. ^g aI^x B V^.J)a Viuijj JS ^_g^ A^.jJj oLouB ^gXj^iJa 

UJJJ^'" — ^ ^iijujjjl j^joJ! jjjjl c_L-aj (j^AJj .^jia_jVi ^Jajai IjIa 30 

."^jj^jVl AAll 3 " J L3lc- VIoIaB fiAA ^gAjjJjJ ^uJeLLl L_fl JJUJ L_jLxujV ",\1>B 

Viudj ^jc. LaAI.iV ^jjj jVI ^ (jjjW*iA 1.3 J^jaB ^jjUJ 

^jiB JaV^Lj (jl ^1^3^ (_ja ^jl . clAjj^^B j^c. <ilj£ qc, 

^ja l-j_j5Bj (jl (jl V\‘i < \Aj S^jVVI ^LVl ^gia t (j,)J '^‘ iaB Qij 

^Ja-uj ^yc L_JjVLj . (j jj) jV 1 AAiL 3 ^3 J'^\' 1 ^ ^ 

. (ji jij'Vl^j ViLiill VoLa) ^jl ViB-xB ciiLajiLuiA] ^j5a i t^p 

c L) vLj cjj _3 1 I aa t ^ j^a i c jlVI £)j_jS^ 

J^qB ^3 ^jj^pB g.1 jaj 5 L_ijl^^. 
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Aii. 



UJJi 1 






ppmv jjjjV! £> ^ 



10 11 12 
molecules cm -3 OijjVI **■ ^ 



(jaIujaII £ JaJI 4 u tin SUa*A UJJJ^ jj£jj 4_uA 1 1.3 

ojJj'"j "4^ UJjJ" L^-oW*^ * CjUjjaJI -i-iC- 4ita£ ^lajl^^Lj 

f 

l(jj* ;4J&3|ja]| Jju tCjULull lLujuu^I . ±j) jj (j-4 j-uaJI l^jVyi ^all 

R. P. Wayne, Chemistry of Atmospheres (Oxford: Clarendon Press, 1991). 






ClAjl j)j^^ j ClAjLiill jjl ^Laill ^9 ^ .q^j I 

.AjjUa]| A_illc. A_x_iail Aj^al ^-laj-u ^ic. 



iu*n clAjLiill j fj jjjVi 

.oAx^&yi LS ic. 
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3 ^j\ k ». jUI ^9 ^ja] 1 4l3a ^3 ^3“° 4j-d 

3-g l^jJXj-a ^3^ Y] 3-3^ V AilalAll tilL ^3 4jli 1A1 t^jjijl^ll ^ya 33^^ (J^-® 

^ 4 _ia&Y 1 (j-o ^ic. W^ jj* i.^oll 3 ^j 5 ® I^a 3^ Vj .4 jK 11 dld3^Al •i.ic- 

3-j3-/^ *1*J •(J- a 3Vl LS^) *"** aY^l 3^ O^jldall 4_l^jdi31 (3-3^ 4 *-AjY 1 4. a~N^ 

31 ^lal £J3j ^Al! 4i^-udAi31 3-3^ 4 juo 3U <j-aL-aJ-J 4** 1 )*s 3 -0 1 ^di^)A ^id jjl 3^*^ 

.Ijl® 3^ 315j 200 3£ 3W-*H ^ Igiil^jA 



A-ui j-taJl j A nl nil SL^Jl j / UL4*uJt AjuiS 

•* Vi* V *» * *• V w 

(Solar radiation and plant and animal life) 



(3 ^Aal 3 k> IxjujIj YI^a 4ilLa ^ Ux) 1 j * j,n AL ixa l^lxjaij ^ji-<ul]| ^)d-aJ 

4 a jqll . 1 3^° 3^ 250 3 ^ 3^1 _9 jIg 1000 3 ^ 3^1 3 ^ -Vi^a dL^^All 

t qjA ?11 3h° 3^>Aj- 31 <alai A ]| ^ ^1 4 1 3 ^g 3^ 550 -lie. ^-LadY! S-iuiS 11 

L_Li^3^ ^ 131 4l»u) ^-IjLjujYI 13b ^) U* ) 4^1 ^^3 b \ 4 Sl^J-u Ia] 1^3 

.^IxdYl 13b £a ^5ba (.** n^-kj dj^j^laj 3i dLlaJI 3 I ^dal^ll 3 a J . 4 Vi A 11 ^llijlj 

5 3 3 ^ 1 ^ |flj-fl-vll 4 “ i Vi j 4 jj^)a]1^ \,\ u*ii 4L_jiall dl^^^A^l dl j db jj jaSl ^)3 jjj 

dU. jaII 3^-2 J •{£ J)J^H AaLaoll ^Ua ^ia^.j ^Vja i 3]3 oIW^ 4^-jjJall j 

dlA l^jl V] 4 4 jK11 ^IjljoiYI aJI-Ija 3 -° 1 3 J * j>^*a 44 T i^-uail2l 33 ^ AjtjaiVl ( 3 I 46^)Jj-aall 

dal jjJaaUAll 4 4lliAA 4 6^)lda 33^ u' lA - *^ 4 4_jLijjj 1 odi 4 _iaA1 

:dUs d3lj Ljjj^. ^-IjLjaiyi 13^ ^3dj 13 .^d^Jl 



315 3^2 4j1_^^a 3^ .3^3 4 ^ }^k dnll 3,3^ AjdVl 3) -0 A ^ q‘h«o11 iUV~A • 

JLgjj 4^j^)a]I 31 >-gH 3a Ajj^ill ^ )> tJii^i all 3-3^ 4x3) V 1 ^ 3^ 3^ 400 ^5 

^Ac. ^j^kll dljjl^ll S^)Ud AjljoiVI oAa c.“ \kn\\ . ^4jK11 4_iuia3A1 aILiuAI 3h° %7 

. u^a^ll ^ AaII 



D. H. Miller, Energy at the Surface of the Earth (New York: Academic Press Inc., 1 
1981 ). 
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280 <JI Jal l 33 ^ AjtjaiVl (j-Q B *■ iL^all :UV-B 

(jl aju ! x ^\ &a^J (3^-oj . (^^^ji-Ajaill ^JLiuj 3>-o %1.5 l__jj-o 315^9 



.<LJa SA-o Lg-ill (j^a^xlill -IxJ 4 dllil jj^JI j dj\jLli]l (3-o (J£l S JjJa 03^ 






280 ( 3 c. ajL^^-q (Jl Jal (J^j j c <j^»jaiii 21 3 J 4-*_iai^n ( 3 -o C 1 q‘u«all :UV-C • 

JA'N A£.^U1J (_£jjj ^xJij^ fiAAj 4 ^4 jKll (JjlAJolll AlLluJ (3-0 %0.5 (Jj-OJ^ I J -0 __Al-j 

- CjUjI£]| J jj| 



^-IxjujVi (3*° 4_ia-uAi3l (jj3 Aju u^\ C-3^‘ 2.3 (J^-uill ^^3 ^UjoiaII ^ W \a\\ (_£^jj 
3)C. L^jL^^-a (Jl Jal (Jaj Jill A_i^-udAi2l (_3^A (3-0 S^ixj-a]! All_luill (3^A^ 

(_£^^l Laili ^.1 ^ ^JaALall u' ^Jl l_jj-o __A^j 280 

4_i^.lj (3-o . (jiaJH ^-lajoi Jj LgJjj-aj (Jj 3 Lil^ 1 g ^JaLall ^ W ‘^11 4 (3j> 

55 S. -* S. 

. W 1 ^ Uja. B <ilalA]l ^3 °/ol.5 (_£jIj»uj l£-^ ^3^^ J A 4 q)-a \a\\ Ajl-jjI 4(_£^kl 

(3)^" Uis^ (3^ 4 a j. -. 1^*1 ji \\ (_3^A dAj J J (_Aal Jc.1 (3c- (Jjj^uiaII u^ 

4 B <alalA]l ^^3 1 j un'i ^)ja is-* 4_i 3 (_j-aL-aliA3U ^jLja^xJI JaLall ( 3 I 3 42.3 (J^joiII ^3 
^3 (3jjj^l jj£Ijj (3^9^ ^ 2’n^k j .A AiliiA]! ^3 ^Jc. Aj^j^Lo ^Axjjj 

. j^A^I (3^A^ u' B Ax_3Vl ( 3 -° ^ j±u.la! 3^-oj Aa^. 4_Aai^Lo 

^IaaII ^s AIj^joiaII C5^-J cisJ^^jjaill (^ 1 3 u * i JjJA J <*^VI &a^J (3^-o )_j 

basal A_ijUa2l AjAolill 12-LkJI (3Ua^)jai LaA AkJI (3Ua^)j^ (3-° (3^ ^A l *— J J-^‘ 

.melanoma j^\ jUa j cell carcinoma 



^UAVt ( _ J A- B Aa^Luij^l (jji AjuJuS?! jialAa 

(UV-B radiation dangers to humans) 

ji 

L_jl_^j-aV ^Ci-aLk ^>2i2l (3^1 ^jAx-a-o B 3-_A 

. aI^JI (3-o 3>-ojJa ^A^jLall o^)2!a]l 

jA aJc. JJaII j 4 melanin (3A^A^^ B Ax_uj!)U AjIvuhI JLojj 

^3 A Ax-iolV^ 3ll (3-0 Aj 3-^^ (> Ao A^. Jl ^ -O^J 1-0 I^Aj 4 0^)jud2l _jI^-ojjjI 
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f t ; 

C_a]j ^3 xil'lj 65-li^J Igjl L_flj^)A-a]l ^j-Q 4jl V] (Jsl ©jit 

,<L^la aJLo ^iajoiII <xjoi! 1 .a n*\ La^-iJl 




(nm) A^kjxll Jjla 

◄ UV-C ►◄- UV-B ► 



1 

3 



w 

7 

E 

o 

C/D 

C 

o 

o 

£ 

Cl 

o 



2 



ir, 

* 



^j-la-Laj (JaiLaJI ^ Wu3l) a' I u Wi<H) Qj-vhSVI (j^Lalal I jV\ la : 2 • 3 Jlull 

SjLuatl Aj-<. ‘ uilA\ (jji AjuiVI Aikia JlJla) L? Jfr (jAioLail w la * ‘UmiauII 4jLiu2l 4ilj£ 

: Q*a Aaalj^l CiULuIl ‘"“ mjjSI . Ljjii 

J. W. Chamberlain and D. M. Hunten, Theory of Planetary Atmospheres 
(London: Academic Press, 1987). 



^gic. I ^ ajjJflLj Clllc-^yUaj ^ic. 



dll 



(sunscreens) (_>L<ui)l CiL^l* lsJLLs .a) 2jl 2;VI SjLjall ^IjiVI jkJI 

CiLiliijJI jl (benzyl salicylate) JjjiJI JjuS cLLf^A ^Jc. 

jjU 325 Ji*. 250 t> JL^JI Sa ^ jJl ajl2.VI o*U£j ^sli (cinnamate) 

A_l^).li. dllfllaid ^Ic. Ljajl ^<1 Ajt-uiVl AjuLg 
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LgjjAilAJ 4 t djl ^da^iuiA A_i]Ll 9 A W'n .A_i9Ldal AjIa^. 1 g 

A j\c- Ia] Ia 9^^ * A^^)g 511 1 S-i!a]l i^yA AjjoiL1a]I A qJViAli ^9 ^L*_AjVI L-ojaI 

^^Ic. j l_£ja3I ^ <L^\ 1 a 1I AjtuiJl iAUa aaj*j t (Beer’s law) j aj j jjli AiDlc. 

L_A^)*-a]I) ^jLoia]! (J^la 4^p^Ua]l ^9 Jl*ill (Jj 5 a 1 ] AjjIaII A_ 1 uu 11 j 4 _s^)aa]I^ 

Slin ^aajoi]I Ajli ^]1 JaIc. (Jaxjjaj 4A_i]bti]l ^jjLiilj . ^p^LLall AiLJa a51ajaj 

15 c$ jLaj ^dll ajIa jll JaIc. aaj 9 Jld 4 JLIa]! .protection factor (SPF) 

.AjljLa]I ^Al jaII (JIajLLaIj B A j~n x a q ^11 Jj^9 AjtLijVl (j -0 %93 ^)-aL-aliAl ^.Ic. S^aLo 

SAa ^aajoi]| ^ic. I^jAIa (jl 4 , v>J ^j-roA. Aill <jl AjAA*]| A Ajqll oAA ^ lan j 

^Ac. aW^*. l^JJ ^jAa^)*Ii]l Aj£aj SAaII qa Sja 100/(100 — 93) —15 — J (JjJal 

4 t ^A a]Ll9 ^kiAjoll ^A <Ia*I1uia]I Aa-ssIa]! aI^aII -•%!■>» a (jl . ^aI^]| A^^j 

.A ajljoiLM 

^Jc. ^ji^j l$jl V] a^jLaa dil jjja^kjjoiA (sunblocks) (_>uAd]l j-jIja IaI 

AxdVI ^-idj 4 6 aLc- ^jdllii]! aau^I ^jIj jl “j]l <jA AjL-a djUu^*^. 

till] 4 AjAIa SjjJJjui oAA jjl Jl 1 JaJj .a^joull Jsua (jC. IAjaj 1 g ^5* i \_ijljjj9 

Ltd'll £*I_J ^Ja-s (jl^jikl (Jdiaj ^^A a]\jl9 aI jaJI 



cijd ujjjSfl o-Lifl 

(Measuring ozone in the atmosphere) 

Ajjc. Akl5 AjI . A \g aj.) A Ag a L_fl^l*]l ^A (jjjjVI ^)IaAa (_>*jLi5 

A_ia£ A^.1 CjL/LJI ^__paxj ^9 . 1 g L\Vil ^ ^Jl A] jg i.k\\ 1 g IVij Aj^)!]]I jl ^.IaII ^ja 

{ja ^.j .^.lc.^11 SaIa ^a Alc-lioj Ac.^)joij t, <>Vn (j! V] 4 l>° 

4__lXj-a]l ^JA 4_fl^JOJ Ajli 4(_£ 3^-]l L_fl^ljt]| ^9 ^JA (jl^A ^JA A_1 a AjjC- L_ll^. ^J^AaII 

* 

4A1a AliC. 4 > ll-N ^jC. Ida^C-j 4 1 a] .cAIIaA ^j^i^'iaII 

; 

^JA AAC- Jj]l AaJ . (j j3 ^ ^-3^" J L5^ dlLaiLiAll (_£ (^] L.M >‘^ 

^9 A^^,^a 1 g xJoa \ 4 ^)a!luia ^ A jV'All dill'll a H 

^)Ia 9I jl dll^jUa jl AjJaLlA ^glc- I 3 1 g jj 4A j*>»^)I ^9|^a 
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I_£_i3 ^Ull dll J)jg Vi C1 Aaj))Via]1 O^A ^JA^N (JJJ 4^^j1lL‘la] 1 <9j-ia]lj .A J» \xs~l 

(JA aljjl^) La] Lis^S . n\l C.3-3^ J >a\ 1 ^3 £jjJa]l ^j-saL^allAl (jjjLiii ^Jc. (Jaxj 
(J^ dll) jIa ^j\j 315 j 200 (JJJ 4jL^.ja (Jljial ^'LxjoiVI (J^aJ 4 l)^ 

o^.V^aII o^A (jl . 1 ^ 1 a jili 255 (JA C-J^dLj LaLcJ x^iaVI (jjfLij <( 2.3 
4_*jJaJ Laj3 j . C_fl^L*JI ^3 jjjjVl Aj. wM (JjtllujJ ^ 5 -^^ ^ 5 ^ (_>*d x^» IaV I 



. (__)jjLj3 ^3 LIU. 4_Laxjj.+la]I CjIa jklJl \\ Lna } < JJ 4_]jaI 



dajSfl ujjjVI <_hU* cjUjULj 
STROZ-LITE (Ground-based ozone measuring systems) 



(JAJ t Aj-£ 3^)I] ^iJ^ L-jl^AJ ^)^j]]| £ JjJa ^gic- fijLc- AjjJa^)Vi C1 jLaJ))V^a 11 JAJ*j 

Stratospheric Ozone Lidar jj! jlJI jjjJ <jjc- <a jJii® I^HaI 

l$j) .1988 ^Ic- ii* iLUl Trailer Experiment (STROZ-LITE) system 
(light detection and ranging Lidar * L ^Laa ^LS j JjJ <a jLi* 
^a*J 1 ^a«uj^) *Laj)]Via]I o^A jJnud .La^3 45 LgJ^la 4_i^.Luj ^^Ic. 4-Ija^a A V<i Via 

£ jjJa JLajI . 1 x^ajl A d» Jl CjIajIoi^JI j ^Jj^l^jj] 

A La j.ai\ ^J Luj^. ^ysLiAJ < ^}JC* LjJ^aC. (^)Lia ^jLj 308) 4 _aj^)La 4_^^a (J^Lj 

SjIaJI (j£] . £.l^_!l Jj^c. ^3 (jj_)j^-] jI.V^aB £a AJjaLiIa o.^jaVi 

(Jj t AaajU^i^aIj V tLjajI ^-Lx-aV^ ^)j^)a £-^aj JjaC. ^3 ja1\ A-IaLja^JI 



A^.ja (J^L £ J J ^ a ^ Lx ill ^j ^jlj (^LiiJ 4 <]£jola]| oIa jjL^j 4 _jxjj .Aj^jxjj 

^HajS ^jjj £-<* LjjaLiIa (j jj ) jV 1 ^j^£j j . (j J_) jV 1 'Ci-aJAJ V ( t ^]a ^jLj 351) 

_jl ^ 1 ] A^j^JaJ 0 ^A (j jV 1 _J] t>si\A $ I 

.Differential Absorption Lidar (DIAL) 



(j'^\ ^Dobson ozone spectrometer ujjj^ oj^j^ ^LLa Ja » , u *\ j 

* 

(jJjLdl l^A (j -0 ^JaC ^3 UJ-jS^^ LujI^)^] c^jLola I^ja ^Ic. AaIxj 

; # 

jLg.^. (jAiaj djLAjl-a'iAll Aj (j_jlSj 1 * iij * 1 ^ a u^ii j c^jj^)2ix]| (j^)dl CIjLi^^jjaC. ^3 

(J^LlA J t^Cl^^A (Jl^lal AjC- AjjalAJolll 4_l^-udiij]! (3-^ S^JA (j^JOlJj^ 

^jAaL-allA^LS A£$\ ^aII Qll (33^1 (JLa*I1ujLj j . (jj^kV \ I ^_j-aJAJ V j c 1 g ia (JaL^ 
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6^.j" (JLaxliuilj JjaC- UJ-jj-^ ^1^11 JaLJ! ui^ t (_ya\ ks- i\A$\ ^aJlC-^ 

."Dobson Unit oj^j* 

% 

j)*W i . ^giilx.^a\l (_j-° UsI^a ASIajui 4_1 V DU 1 fl^)xj 

JajoljllAll ^JA Uj jfl A A "ft ^A Jj 300 DU 4_i3 4 A j (_£ ^jLaLl ^-11 U° 

<. flLk-a 4_iila ^3 ^jI^La 6 (c£_9T k ^ ^ S^-iJl ^2 U-J-j-J^^ ^Xxl\ 

^jj J Js\\ 1 t^aj 6 JUIaII jjlxl\ Q^ilS (jLaXJjjjIj . P J 0 C ^jc. jIaAia 3 I^^Lajo) 

I^.1j Lxj^>a I^Ia ^£jLaj ^_jLja^)*Jl 4 x J-i^a 4^.Luia t^sLk-all L)J^)S^^ 3^ L>° lj_^AC. 

*(jj3j^^ L^° V ^A /t (_£ Jp*\) 'J^AjljA 3 (_£jl-Ujj *G£IajoJ J 

101325 Pax0.00300m 3 = n x8.315.Jmor 1 K _1 x273K 
n =0.134 mol 

!(_£jLuij Cl A jj^^. ^ja Ij^c- 

0.134molx6.024xl0 23 molecules mol -1 = 8.07xl0 22 ozone molecules 

D^)1^Lo Ia 4_AJ ;300 DU ^ AJjLoLA UjjULaII ^ A J2 1 A\ ^C,\ 

(J jUCj ^jLja^Jl A x W^a 4_^.Laa (JA ^jaC. (jjjjVl <ja ^3^“ 8.07x10 

J^axII ^jAjJa LuajI Via ^^jjj V CIAjj^^JI . 1-l^.lj Lxj^)a I^)1a 

.1.3 cJ^Cdll ^uaH cljjjij Ijoa 25 ^gic. ^ij ^ Ah»'l 1 



TOMS (jj jjSfl j ^jjULj 

^ 1^11 ^ ^ ^ 4 ^ ^ lA i ^ ^_i| 4 i» n ^>\1 ^LaflVl 4 X , .,1 aJ CjLuA_lii]l iAjaI 

jj^ki s jjiSfl <jjVI ^ <_s .(Total Ozone Mapping System TOMS) 
(Ozone Monitoring jjjjVl a^j jl^. ^ Iji# 4 jl^ 44 ^ 

a^jl4 ^4 ojUjLi dLjaill j (jl jjiail ^ _?i' lsa] Instrument OMI) 

j_yi ^ 44 jj eiiLojlja c. 1 Iaa 2 ^ 4_j o^Jl j v i I 

^ u a A II ^4 cl ' - ^ 'lIa]! j /j j ^ cV I ^Luu^j 4 \ l CjIa 4_j^^JI ^ ~~ ^ X . ^ 
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AAj^Lall oA^Jj . (Jj^3 AjuoVI (JL^aII ^3 A ^a!1 jj\x uaII 

(_jAjJaj ^x u«-*ill ^a^II ^IAa (J^la ^^Ic. C1 jL^.^a] 1 (Jl^lai VI ^ a 740 4 LjaI^j (_pa^)Vl 

S^)jA 14 i. ^llVn b* Ib&j *3^1 J ^3 1 g K AjJaili] ^ q^j ^AAJ .jLha 

Jl Ijla 13x24 (jjAxJl <_£A A^jaaII ^jjjjJaJ ^j^AJj . ^jAajVI (J k*o11 _^>a£1] 

& * * 

^jAb-^Aj (j^b.jVl ^)j£>1^)J *" . ^.J <■ bii^ (_ja Ia&j d^jjA 13x13 dIAxj Ag x*a 

i # 

lg_i3 (jAJtliujj ^lill 1 1.3 AJLuIaII _^)lajl . (_^AjJ (JaLui! ^gic- ^JlxJl £.l_dl ^Jjuj (JAaII d^L 

.2001 ^Ic* AalldA £31 ^a Aic. (_^aajJ ^x u«oll ^aaII aLauI l‘ m«o>. dbLiJ 



Jjjj' 

AROTEL (Airborne Raman, Ozone, Temperature and Lidar) 

((Jjj^jl) (JIaI^j I (Jja^-aII cIjLaIjoi^JI j 0^)1 ^)^J1 A^.^)Aj £jj^jV 1 jlAi! ^)_J^ 

^IaIc. jjUnlL (airborne Raman, ozone, temperature and lidar Arotel) 
o^ubll Langey Lf ^ d> j £^a j <jl jJJI lL jaJ (Goddard) a jIa jo j£ja 
^ ic. aIa^J jl^aJl 1 a& 33 J .NASA bub Ajfb^}AVl e-bddlj (jl^jjbll aII^^I 

. <jj^jVl ajIajI^JI j S^)l ^)^JI a^.ja] aja^a*J1 a% 11 DC - 8 ^)1^>L ®^b)a 

1064 j 532 j 355 j 308 dL^.jAll JI^Ll Aic. bj-d J^Iujjj •> 11 (Jja^jj 

Aic. o ^ jIixjIia]! AjI ^)bjjj 1 djl J/qdj t aLajaII dU. jaIJ aIIjaIuj! ^J] Aibdl j . 1 _jja ^jb 

* * 

^^3 ^guladl jjd Jjl ^jboill AjaI ja] a ^)a (J jl J)b > H (Ja*1iau1 33 j . 1 ^Ja 387 J 332 

Sage III ozone loss and validation ai® jLsil j jjjjVl ^Ld 

ji 

^Ic- *ll£ ^ aj^aIL U jj^ ^ c^jaSjI ^1 experiment (SOLVE) 

aja^ac. ajja (1^ :CjUIu3I ^a^I a^uajj ^L^a j^jl l^jS^ ej .2000 - 1999 
Sjl^pJl CjL^.j31 AjA^aC. Ajj A (2) j dj^-a 30 j 14 (jAJ djlc-lijjl Aic- 

Ca\.aj^i>11 _j*i« , nl AjA^ao a!i& (3)j l^pA 60 j 13 ^jaj Cljlc.lijjl Ajc. 

.I^jja 532 Ajc. dil aVia'nII l-j\ li'q u J l)1j3 (4)j 4Aa1*a]1 

lAjuinj dU j^a Aj^Ij ^ja (Jjj^jl c_ illjj i jIaJII o^_^.l ^ ja^ 

I ^jjql*l^kA C}* alljj j . dljLnll Aaj1->^aj J4‘h,a11 j (Ja^aII 

jjJj ( jd jjb 308 Jja jj (excimer ^>ajIL£ 1) XeCl L5 ^j^n (jj3 
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Neodymium Yttrium ^ jjSc.) 

Lai .Ijia jjU 355 j 532 j 1064 411 jLl ejU.j* J^jj Aluminium Garnet) 

* * 

CllliLiJ . I J'\A\\\kk\ 4 1 4Wia 

.Liil S^j^^Aa!! (_y^ ia^I ^1a2 A n'q 1 (JLAJtllujlj 

. (Jj-aali AjL^j ^^3 Ajj±a]I ^ U -0 ^j-o Aj^a LS^ (J (j^AJ 

^ ujJjVI jaIjj 

(Ozone concentrations in stratosphere) 

<_£ jLoij j .^ja^II j (. 3 -^* Lxjj ^iijuj jjl Jjjjl 

250 <> aJ*A 1I A^ill <300 DU ^a_J ^JUll ^9 oA^j JajojjliA A a )9 

c. '<al"tVi j .Ujj)W 11 jl UILajoiII ^UaII ^j-o ^.l^a .1 Aic. 450 aj^IaaII j^LIaI! Aic. 

(jjj fi^Jj-aall fallal! AjjjAaIIj <£_9^a ^ 4j'*na'1 A_1a j2I AlAjjLiill 

(jl£ C(JU 1 a 1 I (_ 3 _iJ-kJ 0 ^Lt9 A-iL-^aili (jl V] .o-ilc. aAa.j 30 J 20 

oAa.j 290 (jlau.il j aIjAa ^ 2002 j 2001 ^^^-aLc. ^ JajaijiAll 

jl ^ja! Aj) .(jU) jjLa j£jA ^ &Aa.j 370 j ^ 

t Au-all £.Ljj 1 ^9 (_^saAa-u c-LiuJl ^ ^9 a2Lc. ClAjjLiuiA 

.c-LjjaJI j 



lt * j £ <J'>- 

^jjA ^Jall At J La (^^^aajoi A*_ujI s" 1 Vi IAs-LLj A A ^jLi’uaiJ 0 AaII (J ^ia La 

eAa.j 325 J 375 (j AAila Aaj9 LaAIc. <o.lla. ^aa-A] 1 (Jj^aA <jl (Jj 9 tAjl9j 



AiLla ^ja AalaiA ^^9 (Jj-saa-i ^9^)!i]l c. L_iiJj" S^jLiC. 

L_llaa]l (3^ (Jj-ia9 ^9 dal ^luJl ^9 Ax-a^) til lj (j-° (Jj3j^ 

C* Uu)l ^jj^)La^ ^^JLajoi]! i„_ilaa]l 3^ ^g-jj) 

A \ 1 3-» ‘ill (j -0 ijs ^‘ 3 " >k • ^ U-O-9^ ^IaLaj AAi9J *>. 1 V 1 AjajouII 
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djLuiLia \ ciilij c (JI aaII JjUjjj Jc. . Ja j^'a Jc. o j3 J 4 ^ijoi jj! jfLuJl 

.^jjjoiJj^ 150 (jc. (Jli <jl cjaall ^ (jjjjVl 

c3 l*_i J LaA V . Jjijoj Jjl ^9 L)J^)S^ ^ j£' i jllaU jULudA 4 _aj 

ciiL ^9 ^)JjJ lJ t A-Uul^Vl j A-j^)g aaiII Igjlj jlij £a 4_aIx 1I 4_ilajA^I 

C(_jJa_jVi C_S^lc ^ja 4 m a (JaLiA ^9 oILuj j^jj L> £a ^- J A-ijlfillj . 

^Ja-ujjVl 1 g j9 Cjjl ^Ja\_iA]l ^A ^ t ^gJj)W\l^ ^JIajaII ^nJa^]l (JaLiA 4_x-al_i. 

^JA .2j^aJ (JJ^LuiaII (JjjIa ^Jjaslij lJ Sjja .4_i*Ja]l djl^jxlll ^ Jj 

. " ^.xnJall " (j jV i £■ I jAj^ (Jjj-^alij <_jJaxJ $. L«a£iujl Jxj dll 1 j 4 (Jj^aall I 1 a .Iaj LajS 



15 ^iC-lijjVI (jjlJ Ajl3I j \\ AiiaiAll jAj t Jjixjj Jjl ^ jp-wj 1.3 4 J* *ij 1 J) A^aLaII 

(j_j9 A_x_u!iVl ^)I^3 a 11a ^liljj -UJJJ^ A-*-9 J^)-g <Jc. tl ^)1 a 50 J 

111 .4 CjUSISU 1 g *ia LiSl j V ^.Sa 1 ^)3^a ^Ja^A Jj (Jj-aj J^^ A_i^-uiili]l 

oliaJl AjlILj j)\ (J1 a*W 1 ^ic jjl ^Loill ^3 jL^Jl ^jli'ij 

. Jc. 4j jJ^IIj aJ-J^ 



Ac.loJaj (jjjjVl ujjSj : u j>^^ jVl C5 -Sc- oj^ajUl fU-^1 2.3 

(Oxygen-only chemistry-formation and turnover of ozone) 

(Chapman reaction sequence) ^LajLuij JcliS <l*^iuj 



g-1 1 a )5 JIajLLaL ^) J *3 x a ^9 1 ^j^a) 

2 f s- 

(Chapman) jUAjia ja 11a Ji t> Jjl u^j J^ J^' 

^-a a\ Ja» A« CaLj^aII C1i1!1aj .4_1ja1_uj 1 dl^lc.lij C_L-a^]| ^ja jJa ^111 

s> 

Clllluil j Jajl o CouJe_L<i]l <aUa]l Ai- ^ dLylc.li!i]l 



2 

S. A. Chapman, “A Theory of Upper- Atmosphere Ozone,” Journal of the Royal 
Meteorological Society, vol. 3 (1930), p. 103. 
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(JLoxUjujIj . ^j-o dl^lc-lidll <_ja ^9 AiUall 

.4 A)dl <Ldl_uj UjL Aislia 



: l _ ii £ jj 31 

A// °(kJ mol -1 ) 



0^ +hv(k< 240 nm) — > 0 + 0 




-£(/iv) + 498.4 (1.3) 


0 + 0 7 + M — > 0 3 + M 




-106.5 (2.3) 








0 3 + fcv(\~ 230-320 nm) -+ 0; + 0* 


5L+ 1 


-E(hv) + 386.5 (3.3) 


0 + 0 3 — ^0-, + 0-j 


*cs-^ 


-391.9 (4.3) 



0 9 jl N ? a^lc. jAj d.iA^-0 Uillij 2.3 (Jc.liill M 
.1 j_jj <jjJ jail AiLla E (/zV) J .(%99 (j-° JjiuJ Jjl jluill ^3 

. (Jc. Lilli jA Lo ^Ac- 

(Jc-liiill c. <a*A‘n . c. . j£]| Sjjjajoij £))y *>*&)! 1 (^ic. ojj-alk-dl lIl/Ic-IiIII ^ \l±i 

(odd (_£J^)A3l ^jj^ko^Vl (j-o (j\ t>iK <jc. ^‘ijj 1.3 ^ jjJall ^Llaj£JI 

^ o^.l jJ k^ yi CjI jj C5 ic. Ia^Ig (J£ tj l xx iW ^oxygen) 

o^A Cllj-l^J ^ Lstjjjy 1 (J^la ^ L^J cAillall ^I^Lo L_Lai^jj . d^A 

^jC. jp'-k-dl ^jAxj (jt IaA (_yaj}l ij . l-d 1^3 j S^j^ijai]! 

.6 



O 2 —it £) jjjLaS ^ jt ^ jj^dt jJu 1 . 3 cJlS-dl 

1.3 JolfcU AH 

AH° = 2AH°(Q(g)) -AH °(0 2 (g)) 
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= 2x249.2-0 
= 498.4 kJmor 1 

y 

Jl (J ^J3 i." V wl .(Jc-Llill A^Uall qC. A nil 

.2 -m 



(jj^kXd^Vl Jlc. ^j-Q .1^.1 J cJ^-° L>° (jj^XXl^M jlc. ^JA £jAjA l"l^J 

A_^,^a (J ^la L-j\ xxi*\ Ajjj^}ia Jllall . 498. 4kJ lA^jl^iLa A^lJa ^i! ^jLiill 

.UlLII ^j-Q ^jt.Vj^ll l.A£J (jj'V^^ J)J>^l\j 

4 jyoiintt Jjjfl AjuiVI 4 a Jjiaj AiUafl £jjj AjfcUJt 2.3 JlS-all 

^ _ kcN A 

E 

? _ 6.626x10 34 Jsx2.998xl0 8 ms 1 xl0 9 nmm~ 1 x6.022xl0 23 mor 1 
~~ 498 400 J mol' 1 

= 240.0 nm 

240 (_£jLujj (J^la ^-Ijolajo) AjljoiI 498.4 lA^)l.liLa A^Uall ^sl^J 



(_£-^ ^'LatJuiVt (jli cAiUallj A^.^a] 1 (J^la Cj£ A JxjA* \i AJLylxJl ^Jj 

&yyy. A4al£ AiUa V l^>i-a ^j\j 240 Aii^^-a l)^ 3 

^3 ^Jj4 xxl ^JJ x xl Jjl ) V ^-L*-ujV 1 I^a 1^1 

1.1a. ^jlxJ^uj La^jLj 3.3 j (>». j 2.3 c. Q>^i**n 

yA ^ua. ^aj ^ Wu Alkali o.]y xxi^Vl djl^p yu L«u3 (JjjVitl 

y)y ^y*£- <jli ti.la. S^LusaSi A (jjjLia.V^ ^jLac.1 y\ £-oj (jj-^xu^V 1 

(2.3 A/ 7 Lai .djljjjaill jl ^jjig.xxill Ajj^j y* ^Aj 0.1a. (Jj^la (_£ 1^)411 



112 



